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FOREWORD

The research reported in this volume was conducted under a grant from
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Science Foundation grants (No. GP-2091 and NO. G-11309) to the University of
Pittsburgh Computing Center.
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Seame,,vq, and Zita Glasgow assisted in the preparation of programed materials.
Betty Finney coordinated the administrative... details of the study. Drs. George
Giropper and David Klaus provided advice and guidance both in the execution of
the research and the preparation of this report.
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ABSTRACT

Tbis study WAS concerned with the effects of alternate pacing strategies
for administering programmed instruction to various types of students. Spe-
cific comparisons were mat of both low and high ability students working
(1) --der selfep-ceel yere-- fie-le-pace conA4tiona, and (2) in groep oettings
versus isolated settings. These comparisons mere made both at Craces 6 and 12.

At both grade levels it was found that: (1) The performance of high-
ability students was superior to that of low-ability students; (2) Toe group
setting led to slower, self-adopted work rates and lower program error rates
than did the isolated setting.. However, setting had no reliable effect on
either immediate posttest or retention test scores; (3) Self-adopted work rates
were highly stable (r = .72 to .78) on two programs.

At Grade 6, it was found that: (1) Self-adopted work rate (measured by
completion time) was only modestly correlated with IQ (r e -.14); (2) Many
students displayed men-adaptive work rate and achievement patterns, either
fast work rates which were accompanied by low achievement or slow work rates
which were accompanied by high achievement; (3) Slow fixed pacing did not result
in more effective learning for low-IQ students; (4) rest fixed pacing did result
in more efficient learning without achievement decrement for high-IQ students.

At Grade 12, it was found that: (1) Self-adopted work rate was highly
correlated with IQ (r = -.61); (2) Fewer students than at Grade 6 displayed non-
adaptive work rate and achievement patterns; (3) Slow fixed pacing did not
result in more effective learning for low-IQ students; (4) Fast fixed pacing
led to achievement decrement among high -IQ students.

It was concluded that the assumptions underlying the administrative stra-
tegy calling for self pacing became better justified at higher grade levels.
Twelfth graders adopt work rates which correspond closely with their ability
and which tend to optimize learning effectiveness and efficiency. Sixth

graders, on the other heed, adopt work rates which do not correspond well with
their ability level and which, in many.instances are either too fasf to per-
mit effective 1paming or toc ftare to permit efficient learning.

The strategy of forcing high-ability student° to work faster (hence more
efficiently) appears tr have remedial value for sixth graders. However, the
strategy cf providing a slow, fixed pace is not adequate to remedy fast -work
rate, low-achievement patterns at either grade. Thus, externally controlled
pacing is an effective technique for heightening efficiency among deliberate
workers, at least at the lower grade levels, but not for fostering more deli-
berate work habits among careless workers.

It WEIS suggested that future research be directed toward determining the
generality of under-achievement resulting from ntaladaptive self-pacing styles
and toward developing more effective techniques to remedy such styles.

IF.
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INTRODUCTION

A widely held view among programmers which has survived a number of years

of research in the field, is that students should be permitted to adopt their

ova pace 'ellen working through a program. Thus, if prrorame are administered

under student-paced or "self-paged' conditions, it is generally felt that

learning will be optimally ef:ective and efficient.

One assumption underlying this view is that in order to be able to respond

correctly to each frame of instruction each student possesses a unique tine

requirement. The amount of time required is thought to be an inverse function

of his ability. The less able student will require more tine to respond cor-

rectly than the more able student.

-es A second assumption underlying the notion that self-paced program admin-

istration leads to optimal learning is that differences in self-adopted rates

of work during the program will coincide with differences in Students

will spend about. as much time as they require to respond correctly to each

frame. The more able students will adopt relatively fast work rates and can-

paete the program in less time, while the less able students will adopt rela-

tively slow work rates and require more time to complete the program. In this

manner, ail students bill learn as effectively and efficiently as the program

and their abilities permit.

In several investigntionsliself=paced and fixed.paced administrative stree

tegies were systematically compared (Silverman & Alter, 1961; Alter & Silverman,

1962; Feldhusen & Birtv 1962; Frye, 1963; Carpenter & Greenhill, 1963). During

fixed -paced instruction, individuals were not permitted to adopt their own work

rates, but were forced to work at a rate (of pace) which was externally inn-

posed. No differences in achievement were observed between self-paced and

fixed-paced instruction. These studies indicate that self-pacing mgy not be

a necessary condition for effective programmed learning. On the other hand,

they contain little evidence to challenge the notion that self-pacing, wherever

possible, represents the optimal condition.

Such a challenge was issued by Carpenter who, in a recent article (1964),

asserts that "The rate at which students study and learn normally and habit-

ually are very probably not the best or optimum rates for the most effective
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learning." The implication of Carpenter's assertion is that programmed

learning nay actually be enhanced by exerting appropriate external control

over a student's working pace.

In a recently completed series of experiments, Kress and Gropper (1964,

1964b) report evidence which tends to support the position that external con-

trol over the working pace may be superior to self.control, in one axpoy.inani..

(Kress & Gropper, 1964b) , a group of eighth-graders working under self-paced

conditions was found to be inferior to a matched group working on the same pro-

gram under externally-paced conditions. The self-paced group committed more

errors during the program and achieved significantly lower scores on both post-

test and retention test. As it turned cute the average working pace adopted

by this group was also faster than that externally selected for the Bxed.paced

group. Thus, superiority of the latter group was attributed tc the fact that'

they were forced to spend more time to complete the program. It was reasoned

that this provided better opportunity for the construction and rehearsal of

correct responses.

These findings supported those from another experiment (Kress & Gropper,

1964a) involving the administration of two self-paced programs to several

hundred eighth-graders. It was found that a substantial number of students

consistently adopted either a relatively rapid pace which was accompanied by

high error rates and low achievement, or a relatively slow pace which was

accompanied by very few errors and virtually perfect achievement. The former

group adopted a pace which seemed clearly too fast to permit optimal achieve-

ment. The latter adopted a pace which my have been slower than was necessary,

considering other students who achieved equally high scores in less time.

The position assumed by Carpenter and the observations of Kress and Cropper

question the adequacy of an administrative strategy that permits students to

adopt their ovu working pace during a program. They do not question the assump-

tion that students require different amounts of time to learn effectively. How-

ever, they both appear to question the assumption that differences in self-

adopted work rates coincide with, differences in ability. Many of the students

observed by Kress and Groppe., adopted work rates which were non-adaptive. Their

work rates were neither ability-related nor consistent with optimally effective

and efficient learning.

-2-

:



A number of studies have been conducted which bear on the congruence of

student-adopted work rates and their time requirements. It will be helpful

to consider the relevant research on this point to note the discrepancies which

exist and to consider a possible explanation for the discrepant findings.

Self-Adopted Word Rate and Ability

Several studies report an inverse relationship between time taken to com-

plete a program and student ability. Cook (1963)s in describing the results

obtained when 13 students were given an 800-frame chemistry program, reports

a rather orderly (coefficient of correlation not reported) negative relation-

ship between time to complete the program and IQ. Each of these students

achieved a high criterion score by working at rates inversely related to their

intelligence. Carroll (1963) reports a correlation coefficient of -.77 between

score on the Carroll-Sapon Modern Language Aptitude Test and time to complete

a program on Mandarin Chinese. A 1961 study by Silberman, Melaragno, Coulsen,

and Estavan revealed a correlation coefficient of -.52 between time to complete

a program and score on the Henmon-Nelson Test of Mental Ability.

In the Kress and cropper (196)4a) study, the relationship between work rate

and IQ, was not nearly as orderly as that' reported in previous studies. Based

upon 267 and 353 subjects in two different experiments, they obtained correla-

tion coefficients of ..44 and -.34, respectively. Thus, although the rate at

which students worked, on the program in this study'was IQ-related, the relation-

ship was not as strong as might be expected on the basis of the experiments

described above. In addition, work rate, on the basis of data from two separate

programs, was found to be a remarkably stable individual characteristic. Time

scores on the two programs used in each study correlated .80 and .83 and these

coefficients were reduced very little by partialing-out IQ. It was further

observed that many low-ability subjects were consistently fast workers even

though they committed large numbers of errors and achy eyed poor criterion-test

scores. Moreover, these data fail to verify the assumrtion that self-adopted

work rate is ability-determined and related to the individual's time requirement

for successful responding. Indeed, the work rates of these subjects seemed to

be a rather stylistic habit that was largely unaffected by expekienced success

or failure in responding to the frames.

.3.
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Self-Paced and Fixed-Paced Administrative Stramis2

In a number of studies in which self versus external control over the

working pace was specifically considered (Folletie, 1961; Silverman & Alter,

1961; Alter & Silverman, 1962; Fellhusen & Birts 1962; Carpenter & Greenhill,

1963) only one revealed differences in learning between self-pacing and fixed-

pacing strategies: Folletie found self.pacing to 1110 "pill'"? in +erre, of

learning efficiency.

Folletie interpreted his findings to be evidence that students should be

permitted to work at self-adopted rates. The others interpreted their findings

as evidence that external control over the working pace need not lama learning.

Iv contrast, Kress and Gropper (1964b) demonstrated that such external control

may actually enhance learning.

Self-Paciag and Grade Level: A Possible Resolution

Rather different judgments regarding the efficacy of the self-pacing stra-

tegy arise from the Kress and Gropper (1964a, 1964b) findings as compared to

the earlier studies. Kress and Groppee found eelf-adopted work rate to be rel-

atively independent of ability. They also found self-pacing to be inferior to

fixed-pacing. Both findings fail to agree with the bulk of the earlier studies

cited. It seemed reasonable to suspect that the differences in outcomes may be

explained by the differences in the samples Oserved.

The observations of high correlations between work rate and ability vari-

ables (Cook, 1963; Carroll, 1963; & Silberman, et. al., 1961) were all based on

tenth-grade or older students. The comparisons between self-paced and fixed-

paced program administration ( Folletie 1961; Silverman & Alter, 1961; Alter

& Silverman, 1962; Feldhusen Birt, 196e1 Carpenter & Greenhill, 1963) were

all based on college students or military trainees. In contrast, the Kress and

Gropper findings were based on the performance of eighth graders.

The discrepancy between the earlier findings and the Kress and Gropper

findings, coupled with the fact that they are based upoe_ very different age

levels, suggests that the success of self-pacing may be related to the grade

level of learners. It is well known that the progression of students through

grade school, into high school, and finally itto college is accompanied by

various screening yrocesses whereby attrition occurs mostly among the less able

students. The most notable attrition in the ranks of the low-ability students

4r)



occurs between high school and college. College students are thus generally

more able learners than are grade-school students. Superimposed upon that

screening process is the fact that as the students ascend the educational lad-

der they become increasingly skilled in work and study habits. Both processes

would seem to contribute to the apparently greater efficacy of the self-pacing

strategy pmnnt nlAar as comparedcaw

The Administrative Setting,

The particular environments in which programmed instruction has been ad-

ministered in studies coneerned, with pacing mode have varied between individual

and group settings. Carpenter and Greenhill, Frye, and Kress and Gropper ran

externally-paced subjects in groups which worked togehter in a single room.

The externally-paced groups employed by other investigators were run individuallyy

on separate teaching machines (Alter & Silverman, 1962;, Silverman & Alter, 1961).

As for their self-paced condition, Alter and Silverman, Silverman and Alter, and

Frye ran their subjects individually. Carpenter and Greenhill, and Klees and

Gropper, on the other hand, ran these subjects in gzeups which met in one room

with separate machines or booklets. It is obvious that little uniformity exists

among the several, studies in this respect. This lack of uniformity may indicate

that the investigators did not regard the setting as a particularly relevant

feature of the experiment.

However, Frye indicated that his results may well have been due in part to

the recognition of subjects of the competitive aspects of the group situation.

It was also observed during the Kress and Gropper studies that many subjects

attended to the progress of their fellows and may have adjusted their own be-

havior on this basis. Specifically, it appeared that slow workers tended to

hasten their rate in response to the visable progress of their faster-working

classmates. It seemed appropriate, therefore, to attend systematically to this

aspect of the learning environment so as to clarify the role of administrative

setting as well,as grade level in the success that students have in adopting

an appropriate working pace.

Purpose.

The general purpose of the present study was to evaluate the efficacy of

permitting students to adopt their own work rates during programmed instruction.

Comparisons were made of both high and low ability students working: (1) under

self-paced vPrzus fixed-paced conditions and (2) in group settings versus isolated

settings.' These comparisons were made both at grades 6 and 12.

!01001101110011,,In
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By of:crying both sixth and twelfth graders, it was possible to evaluate

the extent to which studerAts at differalt academic levels differ in their

relative ability to adopt work rates which accurately reflect their abilities

and which. therefore, optimize their learning from programs. It was expected

that pavticular types c,f students can be identified. who are habitually poor

pace-selectorp and whose learning can be improved by controlling their pace

externally. Further, it was expected that particular types of students can be

identified who are habitually poor pace-selectors and whose learning can be

improved by controlling their pace externally. Further, it was expected that

the extent to which learning can be improved by external pace control would

differ between the two grade levels and within each grade depending upon whether

group or individual administrative settings were used.

The selection of an "ootinal" fixed-pace, designed to maximize learning

effectiveness and efficiency, may be ,clarified by inspection of Fig. 1. Figure 1

is a hypothetical scatter diagram of completion times versus achievement scores

for students of a given ability level. The idealized curve represents the parap.

meter of achievement as a function of tine. It specifies a negatively acceler-

ating relationship: achievement increases as more time is spent on the program

but that, beyond a certain point, the expenditure of additi.mal time results in

little gain in achievement.. This point, labelled as the "Optimal Pace," cor-

responds to the smallest possible expenditure of v.j.me (the fastest self-adapted

work rate) necessary to achieve a high score on the criterion test. The ex-

penditure of less time (a faster work rate) results in less than optimal achieve-

ment, whereas expenditure of more time (slower work rates) results in less effi.

cient learning and little gain in achievement.

The area designated as D encompasses the fast-working, low a M.evers whose

achievement is most likely to be raised by forcing a slower pace. Area C

represents the slow-working, high achievers whose achievement scores are

most likely to remain high even when forced to work at a faster pace.

Areas A and F, fast/high and slow /low, represent Ss who are least likely to be

improved by changing their habitual self-adopted pace. The relative proportion

of Ss whose habitual self-paced performance places them in Areas C or D would

determine the extent to which overall improvement is possible for a given pro-

gram administered to a specific group of students by the imposition of an

"optimal" fixed pace.

-6-
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Fig, 1. The idealized parameter of time
vs. achievement at a given level of ability.

Based upon the observations of Kress and Gropper (1964a), it was expected

that external control of pacing might lead to improved performance over self-

pacing as follows: (a) habitually fast-workings low achievers would achieve

I/

higher criterion test scores when forced to work at a slower pace and (b) ha-

bitually slow-vorking, high achievers would be able to work at a faster race

I

vitholit decrement in criterion scores. The first would .result in more effective

'earnings, the second in mere efflcient learning.
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GRADE 6 EXPERIMENT

In order to assess performance eifferences between students of difftrent

&ado levels, ell experimental comparisons were made eitb a sample o? sixth

graders, then repeated with a sample of twelfth graders. The first eepeeeteeeet

of this study was conducted at Grade 6.

METHOD

SID.a2ts

The sample of ge who karticipated in this experiment conaisted.of 308

sixth graders. The sample was drawn from four Pittsburgh city schooisx teo

pUolic and two parochial.

Materials

Lesson materials developed for use in the sixth-grade experimen consisted

of: (a) two short preliminary programs which were administered to all gs in

their schcels prior to their exposure to one of the experimental treatments;

and (b) a longer program which was administered under several different condi-

tions at an experimental site.

Prelimina- A 116-frame program on the concepts of "farce and

motion" and a 9C-frame program on "atomic structure of natter" were adminis-

tered to all sixth-grade Ss in their classrooms. Their purpose vas to famil-

iarize Ss with programmed instructional materials and to provide a measure of

each SIs characteristic work rate, error rate, and achievement level from self-

paced programs. These performance measures *were subsequently employed, in

combination with ability measures, as predictors of performaace during and from

the experimental program. Both preliminary programs were reproduced in book-

lets with one frame leer page. They might be characterized as linear requiring

constructed responses, and making heavy use of the "vanishiee teChnive where-

by cue support is gradually reduced and responses become longer and more com-

plex. Smpple frames from both programs are reproduced, along with the achieve-

ment tests used in Appendix A.

All preliminary tests and programs were administered to Ss in their re-

spective classrooms during three separate sessions which were conducted within

a tiroeweek period. The preliminary Programs were administered in the classroom-
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group setting under self-paced conditions. Etch S was given a booklet and

instructed to work et a pace which would permit him t respond accurately to

each frame and to achieve a high score on the criterion test that vas to be

administered immediately upon completion of the lessont, The general or4er

and spacing of the preliminary sessions is indicated in Table 1.

Experimental ProRrean- The croteram used dnrIna the miRtherspnala

tal sessions was a 219-frsme lesson on some basic concepta of electricity. It

4ealt with current as a flaw of eiectrons the attraction and repulsion of

particles, batteries, voltage, resistance, current, circuit diagrams, eeries

mad parallel circuits and, finally, acme appliceticns ofClma's Law to calculate

current in staple examples of each kind of cireuit. Sample frames and the

criterion test are presented in Appendix A. This programs like the preliminary

programs, vas linear, requlyed conetructed responses and was frezuently aug

mented by line drawings and other visual prompts.

Table 1

Schedule of Preliminar7 Sessions
Grade 6 Ezperiment

1

2

3

Tasks

Preteeta on the Atomic Structure,
Force is Motion: end Electrical
Circuits Programs ands the 'finker
Speed of Reading TesteL

Apnroximate

kneth of Sq.713i°11.

14/2 hrz.

L.W.W.I.CAILDIPCIPX)INIPMIIMMIVIUTArlf f.:CCICICIIIIIMAIUMWSWPOCIRVIslidrito1 r Xfa,. =1ZOWICI.0,77:4XIIWYNOltadiY1211COFTIIIMMO

1 - 7 day delay
=NraNalICSJAMCVM107MIMMCa^I.P7VPINCin1205SO4.7ACIVIIIV .1C1211MaMONIY.C1.31ralWARENZFINGQ, MOM tIlLOrCiLININNIMOYISLIMMAILSOZ.V=1Mwmawm

Force end Motion Program and
Posttest

dimal0111.wanwilmimmemminsurftW~AISIOMM.i2710, 12111111AaprIll

2 - 7 day delay

2: hrs.

Atomic Structure of Matter Program
and Posttest

2 hrs.

vrinallwal.MMIIIMIONA=010111.111MICIIMIllf al

1Published by the University of Minnesota Press, Minneapolis.

All programs underwent several stages of revision on the basis of tryouts

with sixth-grade students from a school which was not used in the experimental

treatments.
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Emir istiliejjam
Those Ss who participated in the preliminary sessions were brought to an

experimental site on one of five akkocesitye Saturdays and assigned to one of
the experimental treatments described below,

Dtme }dent variables This experiment vas designed to assess the effects
on the-programmed learning of both low and high ability students of: (1) Pacbs,
Mode, self and fixed, and (2) ett group and isolated. nigh
and low ability categories were. determined by ranking Ss on the beats of IQ
scores. Subjects within each category were then randomly assigned to one of
four treatment conditions. This re:lulted in a 2 x 2 x 2 factorial design, or
treatments x levels design (Lindquist, 3952), ae displayed in Fig. 2. An mal-

1

ysis of variance of IQ scoria revealed a highly sigaificant difference between
levels (P .01); high IQ mean 118, low IQ mean sa 99. (See Tables 1 and 2,
Appendix B.)

Self-paced conditions were bailed upon much the same procedure as described
earlier for the administration of preliminary programs. Under fixed - paced con-

ditions, on the other hand, Ss Were required to work on each frame for periods
which were externally controlled. Under isolated conditions , Ss worked apart
free their fellow students. Under group conditions, Ss worked in classroan-
Vice settings, in the presence of a number of other Ss,

-0.0t0.11x=7.."."417ffie;P'"":71-27t

EL1

Isolated
°
gc/a
E-.

1-4Z

A Group FIG

Self-Paced Fixed-Paced

PACING MODE

Pig. 20 2 x 2 x 2 treatments by levels design.
Sydools in each cell refer to the four treatment conditions.



Dependent varidbles - The dependent variables measured in the experisent

were: errors committed during the program, score on an achievement test given

immediately after the lesson, and score on the same test given after a delay

of 30-33 days. For Ss who were run under self-paced conditions, time to coo-

pieta the lesson was also recorded as a dependent measure.

The sixth-grade experimental lesson was administerpai n centre') clitaa.
during five consecutive Saturdays, beginning on the first Saturdey following

the preliminery sessions. Isolated Ss were run at the offices of

grouped Ss in a large classroom of a nearby school not attended by any of the
Se. The four treatment conditions under which the lesson was administered are

listed below, followed by symbols which will subsequently be used to refer to

each condition.

Self-paced9 Isolated setting -

Self-paced, Group getting -

Fixed- paced, Isolated setting -

Fixed-paced, Group setting -

(S/I )
High' Low

(S/GHish9 S/G Low)

(PA
Hi

)
gh.' Low

(Pi/Clash, F/Gr joy)

Each of the four conditions is identified in Fig. 2 by its symbol. Reference

to the various treatment groups is made by means of these symbols in the sec-

tion to follow, which describes the procedure employed during the five Satur-

day sessions.

Procedure

All aelfepeced conditions were rue during the first two Saturdays. In

the S/I
w
and S/I

Hi conditions, S was taken by en E tea small room, fiheLo
instructions were to work through the lesson at a pace which, would peemit S

to learn the material and to do well on tee test to be given after the lesson.

Each S was informed that since it was desired to know hew long people spend

On these frames, a record would be kept of his times as he worked along. He

was requested not to modify his work rate because of the timing, but rather to

work at his usual pace taking as much time as he needed. As S worked, E, using

a stopwatch and data form, recorded the number of seconds spent on each frame.

A record was also keet of the total time to complete the program. Two rest

periods were given, alter frames T6 and 151. A posttest was administered im-

mediately after S finis red the program.



The S/G and SiG
Hi conditions were also conducted during the firstLow

two Saturdays. These Ss were run in a large classroom at another building in

groups of 2035, of both high and low IQ. Their instructions were much the

same as"Uere given during the preliminary sessions. In this condition, a

record was kept only of each S's total time to complete the program. These

groups were also given two rest periods and a posttest as they completed the

Sale tion of optimal fi......2_xedaces- Between Saterdays 2 and 3, the data

from the self-paced Ss were analyzed and served as a basis for determining

the total time, and its distribution among frames, that would be used for

the fixed-paced presentations.

As discussed in the Introduction, the pace hypothesized to optimize

learning effectiveness and efficiency for Ss of a given level of ability is

that adopted by students who most rapidly complete the program and perform,

at a high level on the criterion test. In this experiment, the determination

of such a pace was made for only the lower and vile= halves of the sikth-grade

ability distribution. The pace chosen as optimal for law-IQ Ss was determined

from the self-paced performance of Ss who ranged in IQ from 86 to 108. An

optimal pace for high IQ Ss was estimated from the self-paced performance of

a' group whose IQ-range was between 109 and 131. The hypothetical optimal pace

described earlier (see Fig. 1, page 7) is based upon Ss of a given level of

ability. Since each IQ grouping in this experiment included a fairly broad

meof ability., the optimal pace selected within each was, necessarily,ein

approximetion designed to apply for the entire group. Thus the pace selected

as optimal in this case for each ability grouping was probably faster, for the

lowest-IQ Ss, then would hale arisen from a group of equally low-ability Ss.

By the same token, the pace WS prebebly slower, for the higbest IQ Sp than

would have arisen from a group of equally high ability Ss. necognizing that

the empirical distributions of time vs. achievement are based upon Ss of a

wide range of ability, a pee was selected which appeared to correspond to the

minimum time required by Ss of each ability grouping to reach their best pos-

sible achievement scores.

The distribution of time vs. achievement scores obtained from 64 low-PQ

Ss who adopted their own pace (S/1/011 & S/Gtou) appears in Fig, 3. Judging

from the achievement levels displayed in Fig. 3, 70 percent appeared to be

-12-



near the maximum possible achievement for this group. The curve shown in

Fig. 3 is an estimate of the hypothetical parameter discussed earlier (see

Fig. 1, page 7). Judging from the distribution as a whole, the point which

appeared most closely to correspond to an "optimal pace" occurred above 151

mins. on the time-to-complete scale. For Ss of this ability range, then,
157 mins. was taken to be the minimum expenditure of time necessary to permit

they' to obtain their maximum possible achievement scores. Since the median

total time spent by these Ss was only 140 mins., it appeared that most of

these Ss adopted a -iork rate that was too fast to permit effective learning.

Figure 4 shows the comparable scatter diagram for the high-IQ group.

Comparing it with Fig. 3, it is clear that the overall achievement level was

higher for the higher-ability Ss, but that the time distribution was very

similar. The median total time spent by the high-IQ group was, in fact, iden-

tical to the low IQ median: 140 mins. Apart from the similarity in median

completion time, the high-IQ distribution is quite different. It appears that

this group is capable of 90 vercent achievement, or better. It also appears

that the location of an "optimal pace" an the hypothetical parameter lies to

the left of the 140-min. median completion time, at 126 mins, That is, the
minimum expenditure of tine required for these Ss to achieve 90 percent would

be less, than was spent by most of them. Thus, it was judged that most of these

Ss adopted work rates which were slower than necessary for optimal achievement.

Having selected the optimal total times to employ for the two sixth -grade

ability groupings it was necessary, then, to determine the distribution of the

total time among eeich of the 219 frames of the program. The total time to be

allotted to the fixed- paged lowIQ Ss (F/I
Low

& F/G, ) was 157 mins. It was

decided, arbitrari1y that 5 secs. be alotted to each confirmation page, or

a, total of approximately 18 of the 157 mi.ns,, to be :spent checki%g answers.
''That. left 1.39 mins. of working time to be distyibuted among 14%e 219 framesq

37A From the distributions of time spent on each frame by the 32 S /I. Ss a
Low

median was calculated for each frame. The median, time spent on each frame,
divided by the sum of all 219 medic s, constituted the proportion of the 3.39
mins. which was allocated to each frame. In this manner, the total time
determined to repretent an optimal working pace was distributed among the

frames in roughly the same proportion that was allocated to each frame by the
low-IQ Ss who had worked under self-paced coroditions. This procedure resulted

-13-
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in a range of time allocations for single frames between 33 secs., for the

shortest frame, and 81 secs., for the longest frame. A completely analagous

system was followed for the distribution amnng frames of the optimal total of

126 mins. allocated to the high-IQ Ss in the fixed-paced conditions (F/I
High

& F/GHigh). It was distributed in roughly the same proportion as was allo-

°A414"1 to each by the 32 Ss of the w+
High

0.1.www,MMAts11% .1_,4 44. Cwawa e secs. again

allotted to each confirmation frame. In this instance, the range of time

allocations was between 10 secs., for the shortest frame, and 75 secs., for

1

the longest frame.

The VITA
w !I

were taken to a small room anddirecte_ through the program

by an E equipped with a *stopwateh and list of optimal times per frame. Work

began on each frame when E said, "turn to frame ---. When the allotted work-

(

ing time was half elapsed E said, "half." This halfway signal served as a

cue to S which was designed to help him bud et reading and writing time

on each frame. When the optimal time was fully elapsed E said, "check your

answer." Five secs. were allowed for each confirmPtion page at the end of

which E again said, "turn to frame (the next frame in sequence). Break

periods were given following frames 76 and 15].. The posttest was given im-

mediately as S completed the program.

1
The F/G Ss were seated in a large clnawoom and each kas given aLow -

program booklet:, They worked, as a group, following pacing instructions

identicaltothoseusedfortheF/l.e,o` exte*pt that the direction came freal

a voice prerecorded on tape, The recorded racing instructions made use of

a bell signal in lieu of the spoken wort %elf" to indicate the halfway point

during each frame. Breaks were given following frames 76 and 15:, posttests

following completion of the program.

I

On Saturday 4, the F/I
Hi

and F/G
Hi

conditions were conducted in '

manner completely analogous to the previous week. The differences were that

en Saturday 4 the optimal total time was 126 mins. and all Ss were from the

high-IQ ability level.

A number of previously absent Ss were run during make-up sessions con-

ducted on the fifth Saturday. Nine Ss were run in the Pillow condition, 13

were run in the F/Glov condition, and 8 were run in the F/GHigh condition.

-15-
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Between 30 and 33 days after taking the Electrical Circuits Progrn,

Ss were given the posttest for a second time as a measure of retention.

Retention testing was conducted at the various schools, over a period of

five wee7Tso until all Grade 6 treatment groups were contacted.
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The results of the Grade 6 Experiment are based on three separate analy-

ses. The first is an analysis of the overall effects of Pacing Mode, Admin-

istrative Setting, and Ability. These effects are aseessed by analyses of

variance based upon the 2 x 2 x 2 factorial design displayed in Fig. 2. The

second analysis deals with the specific effects of the strategy of slowing,

. din low- ability Ss. The third deals with the effects of the strategy of

high-ability Ss. The effecIA of these two fixed - pacing strategies

are assessed by considering the high and low ability levels of the main design

separately, and then by a more analytic inspection of results within the par-

ticular subgroups whose performance was hypothesized as most likely to benefit

from each strategy. The three sets of outcomes will be considered, in order,

in the following sections.

The Overall Effects of Pagin Mode Administrative Setting and

tae random assignment of 256 Ss to treatment conditions resulting in 32

replicates in each of the eight cells of the factorial design (2 types of

Pacing x 2 Administrative Settings x 2 Ability levels). Analyses of variance

performed on IQ, Pretest scores, and characteristic work rate (on the self-

paced, preliminary programs) indicated that the various treatment groups were

reasonably wel equated on these measures. (These analyses as well as means

and S.D.'s for each condition are summarized in Tables 1 through 4 in Appen-

dix B.)

The dependent measures of interest are scores on the Immediate Posttest

and Retention Test as well as the, number of Errors committed during the program.

Also, zmong the the self-paced Ss, time-to-complete the program was compared

for the Group and Isolated settings. For ease of comparison,(the four analyses

of variance performed for these measures are summarized, together, in Table 2.

(a) Pacing Mode (§2211.222ingmt_Elicedcpacing) - As indicated in Tables 2

and 3, s significant difference in Errors was observed between the two pacing

modes. Externally fixed. pacing (both speeding and slowing) led to the commis-

sion of more errors during the program than did self-adopted pacing. Expressed

as error rates, the difference was 29 percent for the self-paced group vs. 38

percent for the fixed-paced group (P < .01).

-17-
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Table 2

tries of Variance Analyses of
Four Dependent Measures:

(N . 295)1
Grade 6

Sean
Eburce D.7. Nooses Tr

Mme* 1 1.06 12.6641*
Setting 1 AO 6.oto
IQ 1 6.o8 10.13**

LOG moms m x 8 1 .06 -
ELECTRICAL M x 1 1 .15 2.48
CIRCUITS 8 x 1 . 1 .00 .

mxsx/ 1 .04 -
Within Replicates 248 .06

14ode 1 492.29 1.14
Getting 1 3.75
11 1 .6o71991139.54 166.07**

PORTIZE/f M x v 1 -
ELECTRICAL M x E 1 125.16 -
moms 13 x ! 1. 242.19 -

M x 8 or I 1 335.24 -
Within Replicates 248 433.50

mxt2 3. ioth.d4 3:53
Setting . 1 156.49
IQ 1 3332923 217.***

It K x 13 1 169..46 -
ELECTRICAL M x I 1 42.78 ..
CIRCUITS S x I 1 44.46 .

Mx Eix! 1 554.99 1.95
Within Replicates 248 284.78

r.244 .
Setting 1 2932.33 5.35,

ELECTRICAL
IQ 1 993.56 1.81

wows s x 2
Within Replicates

1
124

.07
548.32

.

vmmareISawansos

*significant beyond the .05 level
**signifiAlst beyond the .01 level

1Since Tioe was free to vary only for the self-wed conditions,
the ? for that analysis is 128

-18-



I

I

I

able 3

Summary of Nu*ber of.ERIMIS Committed Daring The Electrical
Circuits Program for Each Level of Enth Variable'

(N 256)

MODE

errrnit4

Levels of independent
Variables

self-paced

fttttd-paced

VVONICV00110001111=1.1.1,

Mean

112..59

147.88

S.D.

71.32

74.25

isolated

group

14143
118.84

77.87
70.01

high 9c).66 51.31

low 169.80 73.75

VO

-
aga.
Level

4 ,n1.

=111611.

.05

<.01

tal number of errors possible 390

Table 4

ammary of Percentage POSTTEST Scores
for Each Level of Ega. Variable

(if is 256)

Levels of independent Sign.
Verb:Cies Mean S.D.

self-paced 54.19 27.63
N.&

fixed-paced 51.41 25.63

isolat4d 52.92 25.93SNTTL43 N. S.

group 52.68 27.42
V M fff .0eMSOMMMOCIOOMP. fffff

high 69.57 20.35 .4.01
low .3643 21.05

Table 5

fAmmary of Percentage lanNIORTEBT
Scores for Each Level orlgrViiiiate

256)

Levels of InAcpendent
Variables Mean

ealf-paced 29,90 21.55

fixed-paced 25.87 19.24

--m----

sip
level

11.8.

SD ffffffff
ioolated 27.09 19.23

group 28,68 21.72
N. S.

6000. 611.11.0MMiWOOf fffff

high 49.48 21.03

low 16.29 11.37
.1 Bann01.1.1

Ta'Cle

Summery of TIME to Complete the rTognmt
(In Mine.) for .ca Level of Each Variable

(8 a 128)

4 .01IQ

T evels of independent

Variables Mean

isolated 135.86 25.22swim
group 145.31 20.72

IQ
high 137.69 20.96

low 143.48 25.59
AIIVAIMOIRPMNIMA ,

91-8/1.

level

4 .05

A.S.
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Xnspection of Tables le and 5 reveals that the superiority of the self-
paced groups during the program was followed by slightly higher scores on both
Posttest and Retention Test. However, as shown in Table 29 neither difference
is significant.

(b) Administrative Settint.:52:GLo.ab4 - It may be seen
from Table 2 that the setting in which the program was administered also had a
eignifioant effect on Errors. The Ss who worked in isolation from their class-
mates committed more errors than did those who worked in classroom groups. (See

Table 3.) The difference in error rates was 36 percent for the isolated Ss vs.
30 percent for the grouped Ss .(P < .05) .

Despite the superiority of the group setting in accuracy during the pro-
gram, it may be seen-in Tables 4 and 5 that Posttest an.:1 Retention Test scores
were very similar following both settings. fit Lther difference approached
significance.

Table 2 also stunmarizes the analysis of Time spent by the self-paced Ss to
complete the program. That analysis revealed that the group setting led to

slower times than resulted from the isolated setting. The difference, 145 vs.
136 mins. (see Table 6), is significant at the .05 level. The fact that iso-

latea Ss adopted faster work rates may explain, at least in part, why they
committed more errors during the program.

(c) Ability - From Tables 2 through 5, it is clear that the high -IQ Ss
were superior to the low-IQ Ss on Error, Posttest and Retention Test measures.
The difference in error rate was 23 percent for the high-IQ Ss vs. tO percen,
for the low-IQ Ss (P < .01); in Posttest, 70 percent (high) vs, 36 1-,ercent (low)
(P < .01); in Retention, 39 percent (high) vs. 16 percent ;low) (P < .01).

The one measure which failed to differ significantly as a function of

ability was that of time taken to complete the program. This outcome, of

course, verlfied similarities Vaich were evident in the scatter diagrams pre-
sented earlier in Figs. 3 and 14. While the mean time taken to complete the
program was somewhat sho'r'ter fox the more capable students, the general. pattern
Tes such as to make clear that the self-adopted work rates of these students
bore little relation to their ability to learn.

While a number of significant main effects were noted within the set of
analyses surmnarized Table 2, on .no measure did an interaction approach sta-
tistical significance. Considering both low and high IQ students, then, the
observed effects of each independent variable appeared to be fairly uniform.
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Table 7

Sumary Analyses of Variance of the
Performance of Low -IQ, Sixth Graders

(N = 128)

Mean
Source D.F. Sotres

LOG Mode 1
ERRORS Setting 1

RE/ATIVITI M x S .1
Within Replicates 124

1.52 20.27x*
.26 3.45
-09 1.22

Mode 1 60.50
POSTTEST Setting 1 153.13

RELATIVITI M x S 1 _.L.13
Within Replicates 124 451.90

RETENTION
RELATIVITY

.... cti ........ as
Mode 1
Setting 1
MxS 1
Within Replicates 120

316.16
17.06

668.90
124.15

a

a -a as

2.55

5.39*

ERRORS
REL4TIVITY

POSTTEST
REIATIVITY

RFIENTION
RSLATIVITY

00.101001/00010

Table 8

Performance Summaries of Treatment
Groups of. Low-IQ, Sixth Graders

(N = 124)

Levels a Independent
Variables

Mode
self-paced

fix-ed.-paced

Setting

Mode

isolated

group

self-paced

fixed-paced

Setting

Mode

Setting

Sign.
Mean level

150.78
.01

28.81
o ......... 1102D 04M1 00.C.

183.48

156.11.

36.72

35.34

isolated

group 34.94

self-paced 17.89

7ixed-paced 1.69
'11

isolated

group

LB.

N. S.

CD .. ....... so___

N.B.

N. S.
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two different operations. The former was, of course, designed to maximize

up and th t employed for low-IQ Ss was designed. to be a slow-down, the two

ability levels were analyzed separately so as to clarify the effects of the

Thejla212A§12ELBE err- -I Students

Since the naajamemployed for high-N; Ss was designed to be a speed-

fl
learning efficiency, the latter to maximize learning effectiveness.

(a) agysis of variance restatefs- The analysis of variance
11

summaries and means for each low-D2 treatment combination are presented in

Tables 7 and 8.

11

The most general pattern discernable from these analyses is that, contrary

to expectation, forcing sixth-grade students to spend more time on the prograi

failed to enhance their performance. On the contrary, the self-paced group

tended to be superior on all three dependent measures. The superiority in

Errors was significant (P <:.01) while that in Posttest and Retention failed

to reach significance.

io

2C6 r
z ,

'

ece [ra

pa
%.6

N 16.6
w

40.1111.°1"..........7-0 SS [15.2
O 15 GrouP- N
gt N
E-f N
ga No rtz %

O 12.7
04
44
a.

1

Self-Paced Fixed-Paced

PACING MODE

Fig. 5. Mode x Setting interaction for Retention
scores among low-IQ Ss.

Although there were no significant main effects in the Retention measure,

a significant Mode x Setting interaction (P <.05) did occur. The interaction,

.22-



displayed graphically in Fig. 5, indicates that the superior retention of self-

paced Ss occurred only among Ss who worked in isolation. That is, the grouped
Ss (S /GL & FiG ) obtained very similar scores under both pacing modes,

while for isolated Ss (SiTLow &
17/Low) the fixed pace produced substantially

lowered Retention scores. This finding is rather surprising since no evidence

of such an interactive effect Is present in either Errors or Posttest; mean

Posttest scores of the S/XI,ow and Pillow groups were virtually identical. It

will suffice, then, to say that, while forcing these students to work at a

slow pace was generally not successful, it was particularly unsuccessful as

measured by the retention scores of Ss who worked in isolation.

(b) Performance of various subgroups among the slowed Ss - It is of fur-

ther interest to consider the outcome of the slowing strategy with respect to

particular subgroups. From the earleer discussion of optimal pacing (see

pages 6 and 7), it will be recalled that the imposition of a slow pace is

aimed primarily at those Ss, the fast-working, low achievers, whose habitual

self-adopted pace is relativelyrapid despite high error rates and low

achievement. On the ether- hand, other ;types are less likely to benefit from

a slow fixed pace, e.g., Ss who perform well despite a rapid self-adopted'

work rate (fast- working, high achievers).

The various types of Ss, among those who worked at a fixed pace, were

identified, aRELRE1) co that the effects of the slowing strategy on each

type could be analyzed. Using performance beores obtained by self-paced

Ss on the Electrical Circuits Program, a prediction equation was generated

for each dependent variable. Predictors were selected from among the pre-

liminary measures obtained from all Ss prior to the administestion of the

Electrical Circuits PretTrmn. By placing his appropriate predictor scores in

the prediction equations, a predicted score was calculated for every fixed-

paced r on Electrical Circuits Program performance measures. Knowing hew long

he would have spent and what his achievement would have been had he worked

under self-paced conditions, it was possible to decide whether S's performance

was impaired or enhanced by external pacing.

The predictions were accomplished by performing a series of multiple

regression analyses in which eight preliminary measures were considered as

predictors of each of the dependent measures obtained by the self-paced Ss on

the Electrical Circuits program. These preliminary, predictor. measures

-23-



included: (1) IQ, (2) corrected reading speed (number of iteror correctly

mared on the Tinker 'peed of Reading Tee.$). (3) uncorrected reading speed

(number of items attempted), (4) sum ef pretest scores on the preliminary pro-

grams, (5) total time spent to complete the preliminary programs, (6) total

errors committed on preliminary programs, (7) total posttest scores on pre-

liminary proirams, and (6) score on Electrical Circuits Pretest. The four

dapondont manAttrou nn Flantr4o1 r41.tri4te which ..eltiple

regression equations icre generated, were: (1) Time to complete, (2) Errors,

(3) Posttest, and (4) Retention.

Given the multiple regression weights obtained by that procedure, and the

appropriate preeictor scores each fixed-paced S had obtained during preliminary

sessions, it was possible to calculate a predicted score for each S on each

dependent measure. These predicted scores may be described as estimates of

the actual scores each S would have obtained, if he had taken the program under

self-paced conditions. It was then possible to compare predicted (self-paced)

scores with actual scores obtained under fixed-paced conditions, and assess the

effects of fixed pacing on the performance of each individual.

A separate set of regression equations was generated for isolated and

grouped Ss. All of these multiple regression analyses are summarized in Tables

5 through 12, Appendix B.

In order to provide an overview of the effects of thz glow -down on the 64

low-IQ Ss who were submitted to 5:te a setter diagram was plotted of predicted

time vs. predicted achievemereL scores. The data points on this diagram, dis-

played in Fig. 6, reveal the particular work rate and achievement pattern pre-

tteeed for each S. For example, a point falling in thy: lower left-haiia quadrant

represents agfast-working, low achiever; a point falling in the upper right-hand

quadrant represents 1 slow-workiele, high achiever. To each data point is at-

tached an arrow which traces the difference, up or down, between predicted (self-

paced) and obtained (fixed-paced) Electrical Circuits Posttest scores. An up-

ward arrow indicates that the slowing strategy resulted i chanced performance

for that S. Thl downward arrows, of course, indicate pe fc.mance decrement.

Inspection of Fig. 6 clarifies a number of facts. First, about as many Ss

were impaired by the slow -down as were helped by it. Second, the tendency for

gain or loss seem; not to be different for different subgroups. Third, while a

fair number of Ss fall in the lower left-hand cornet of: the diagram -- Ss pre-

dicted to have been fast-working, low achievers if allowed te pace themselves --

they show no strcng tendency toward higher achievement from the forced slow- down.

1.1.01,

-24-
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A more aetailed analysis of outcomes for this group of Ss was accomplished

by selecting those 18 Ss frau the group who were predicted to be the fastest-

vorkingo lowers achievers end analyzing differences between their predicted and

Obtained scores en each dependent measure. The results of the t-tests, sum-

marized in Table 9, verified that: (1) the fixed pace was slower than their

normal pace (P < .01), (2) they committee slightly fewer errors, (3) they

achieved somewhat higher Posttest scores, and (4) slightly lower Retention

scores. None of the latter three differences approached statistical signifi-

cance.

Table 9

Summary t-test Analysr,a between Predicted and
Obtained Scores of FastWorking, Low Achievers

Grade 6

Dependent
Variable

Time

Errors

Posttest

Retention

54 ad
Sign.

Level

18 -30.67 7.89 -3.89 .01

18 1.67 14.05 .12 N.S.

18 -3.44 2.82 -1.22 N.S.

15 .20 2.11 -.10 N.S...111.V ...

(-) sign indicates that obtained score was greater than
predicted score

Ca the basis of all the foregoing, it seems very clear that the strategy

of forcing low-ability sixth graders to spend more time on the program did not

result in more afective learning. This outcome is not attributable to a

shortage of non-adaptive self pacers in the sample, since a substantial pro-

poetion of the group were relatively fast-working,..low achievers. However, even

when considered by themselves, they displayed only a modest tendency toward
.

improved performance.

The Effects of S eedinolabzIQ Students

(a) Aulystof variagsLialgaLligatiMalk- The outcomes of the

speeding procedure for the high-ability Ss are summarized in Tables 10 and 11.

Here again, as measured by all three dependent variables, the general ef-

fect of externally-controlled pacing was to impair performance. This as not
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Table 10

Summary Analyses of VaTiance of the
Performance of 'High-Dit Sixth Graders

(N = 328)

IMIIIIIINNIMIINWIMMUMMOIINIM11-11EMENOMMWOOMEMMIEMIMMINIEW

E9urce D.F.

LOG Mc de 1
MORS 01....a. .II. J .... ...

Ge.71,10441.5 3.
RELATIVITY M x S 1

Within Replicates 124

Mode
POSTTEST Setting 1
RELATIVITY M x S 1

Within Replicates 124

RETENTION
RZIATIVITY

Mean
Sees

.50

.23.

.00

.05

F

10.233E *
4.3o*

556.95 1.34
92.82

.453.75 L.09
43.5.31

Mode
Setting
M x S
Within Replicates

1 730.65 1.6k.
1 183.88
1 55.55

120 445.41

KIMIVI=1111111.

ERRORS
RELATIVITY

POSTTEST
RELATIVITY

RETENTION
RELATIVITY

Table 11

Performance Summaries of Treatment
Groups of High-I% Sixth Graders

(N = 128)

Levels of Independent
Variables

Mode

wt.

Setting

self-paced

fixed-paced

Mode

Mean

74.39

106.94

isolated 99.77.

group 81.56

self paced 71.66

fixed-paced 67.48

Sign.
Lev el

11111111b

< 01

<.05

N.S.

isolated 68.72
Setting LS.

70.42group

self-paced 41 '1.)

Mode N.S.
fixed-paced 37.05

Setting
isolated

group

38.36

40.69

-27-
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so surprising in this case, of course, since the fixed pace was designed to

force most of these high-IQ Ss to work faster than they normally would- While

accuracy during the program was impaired significmtly, the impairment in Post-

test and Retention failed to reach statistical significance. (See Tables 10

and 11.)

(b) Performance of various sagroups among the speeded go - Amore detailed

description of the outcomes of the speeding strategy is provided by the scatter

diagram of predicted time vs. predicted achievement for the 64 Ss who worked

under fast, fixed-paced conditions. This diagram, displayed in Fig. 7, permits

observation of the effects of speeding for the various types of Ss. it is

evident that the vast majority of the group was indeed forced to work at a fas-

ter than normal pace; predicted self-paced completion times were longer than

127 mins. for 47 of 64 Ss. Furthermore, a substantial proportion of the group

was predicted to be slow-working, high achievers under self-paced conditions:

the type most likely to withstand speeding without; performance decrement. A

closer look at the diagram, reveals that these types, falling in the upper,

right-hand section of the diagram, withstood the speed-up without consistently

tending toward achievement decrement.

Unlike the situation observed for the slowed Ss there is an area of this

diagram which displays a fairly consistent trend. Those Ss (to the left of

126 mins.) appeared to suffer from the fixed pace which, for them, repres.mted

slowing rather than speeding.

Two final sets of analyses were conducted for this speeded group, The

first consisted of a series of t-tests of differences between predicted and

obtained scores for that quarter (N = 16) o: the group predicted to be the

slowest- working, highest achievers. The second set consisted of similar anal-

yses for the 17 Ss who were, in fact, slowed rather than speeded by the op-

timal pace employed.

The results of the t-tests for the slow, high achievers, summarized in

Table 12, were as follows: (1) The fixed pace was faster than thei.. normal

pace (P <.01), (2) they committed more errors than predicted (P < .01),

(3) their posttest scores were somewhat, but not significantly, higher than

predicted, anE (4) their retention was a trifle lower than predicted.
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The results of the t-tests for all Ss whose predicted time was less than

126 mins. sire summarized in Table 13. The tests indicated that these Ss:

(1) committed more than the predicted number of errors (P 4:.05), (2) achieved

lower posttest scores than predicted (P <.01), and (3) achieved lower reten-

tion scores than predicted (P <.05, not significant).

VA. ----a-5 TA
au wvuaut mvimaK, uanAub ma.a. vi. us= mA.Budn..10% mumijo=cr uvescuksci-i, ArUG

prospects for maximizing efficietro through pacing are brighter than those for

maximizing effectiveness. With two important qualifications, the forced speed-

up appears to succeed in shortening learning time without performance decrement.

The first is that the fixed pact must, in fact be faster than the normal pace.

Those high-ability students who are slowed by this pace are impaired by it. The

second qualification is that the speeding does take its toll in accuracy during

the program, los=t to the fact that no particular decrement is noted in nnatteat

or retention performance.

Table 12

Summary t-test Analyses between Predicted and
Obtained Scores of Slow - Working; High Achievers

Grade 6

Dependent
Variable

Time (min.) 16 17.63

Errors 16 -32.88

Posttest (%) 16 -4.81

Retention (%) 16 1.31

Sign.
ad f Level.

1.24 14.22 <.01

10.03 -3.23 4.01,

3.51 -1.37 N.S.

4.51 .29 N.S.

(-) sign indicates that obtained scores were greater than predicted
scores

Table 13

Summary t-test Analyses between Predicted and Obtained
Scores of 14 Ss Whose Predicted, Self -Adoptel Time wa;3 less than 126 min.

Grade 6

Dependent Sign.
Variable N E.* ad t Level

-18.21 7.78

5.86 2.04

5.58 4.45

. Errors 14

Posttest 14

Retention 14

-2.34 <.05

2.87 <.01

1.25 N.S.

A A

. -

( -)(-) sign indicates that obtained scores were greater than predicted
scores

7"--**"'""7-'-
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Summary:.. GradeGrade 42x2eriont

The overall effects of each independent variable: Pacing Mode, Admin-

istrative Setting and Ability, may be summarized as follows:

(A) Self-pacing resulted in fewer Errors during the program (P <005)

+ban Aid axtevmsally fivad 1."^"g Self-pacing also led to somewhat, but flot

significantly, higher achievement as measured by Posttest and Retention Test

scores.

(B) Students who worked in group settings spent more time to complete the

program (P 4:.05), and committed fewer Errors (P < .05) , than Ss who worked

in isolation. However, virtually no differences were observed between the two

settings on either Posttest or Retention Test scores.

(C) High-ability Ss spent somewhat, but not significantly, less time to

complete the program than did low-ability Ss. However, they committed fewer

errors (P 4:.01), and achieved higher Posttest (P < .01) aid Retention Test

scores (P < .01).

The results of the fixed -paced strategy designed to force low-IQ Ss to

slow dam were as follows:

(A) The slow fixed pace led to impaired, rather than enhanced performance

as compared to self-pacing. Fixed-paced Ss committed more Errors (P <C .01) and

achieved somewhat lower Posttest (N.S.) and Retention Test scores (N.S.).

(B) The distribution of predicted time vs. predicted achievement scores

revealed that a substantial proportion of the fixed-paced Ss could be described

as habitually fast-working, low achievers. However, a set of t-tests of the

differences between predicted and obtained achievement scores revealed that

even these Ss failed to perform above their predicted self-paced levels.

The results of the fixed -paced strategy designed to force high-IQ Ss to

work faster were as follows:

(A) The fast fixed pace led to higher Error rates (P < .01), lower Post-

test (N.S.), and lower Retention Test scores MS.).

(B) The distribution of predicted time vs. predicted achievement scores

revealed that 17 of 64 Ss were slowed rather than speeded by the fixed pace

-31-



employed. rarther analvses revealed that the perforhraatte of the 47 speeded
Ss was not, with the exception of Errors, impaired by the fired pace. The 17
slowed 130, on the other hand, displayed substantial impairment from the fixed
pace.
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GRADE 12 EXPERIMENT

One of the principle concerns of this study was to compare the efficacy

of the self-pacing strategy and, consequently, the prospects for improving

programmed learning through externally controlled pacing-- at widely separ-

ated grade levels. To this end, the experiment conducted at Grade 6 was rep-

licated at Grade 12. This second experiment is described in the following

sections.

METHOD

Suia acts

The sample of Ss who participated in this experimmet consisted of 29

twelfth graders. The sample VAS drown from four Pittsburgh area high schools,

two public ard two parochial.

Materials

As in the sixth-grade study, two short preliminary lessons were adminislm

tered in the schools prior to the main experiment. A third, longer program

vas administered under one of the several treatment conditions at an experi-

mental site. New topics were used fees the twelfth-grade programs because the

suNect matte? of tea sixth ode programs was likely to be gate familiar to

the older students. The topics chosen for the twelfth-grade programs, sub-

atomic particle behavior and relativity theory, were selected because it was

felt that they could be programmed for students of varying science back-

grounds and yet represent new learning, even for students who had taken

high-school physics courses.

12relizr...LLz.....Ero ems - Two programs On the nature and behavior of sa,-
atomic particles were administered to the entire sample in their classrooms.

Their purpose was to familiarize Ss with the programmed format and to provide

measures of students' characteristic, self-adopted work rates, error rater-,

and achievement levels on self -paced programs. Both programs were reproduced

in horizontal-book format with three rows of frames per page and confirmation

frames on the following page. The programs -- 93 and 72 frames long were

linear, requiring constructed responses. Sample frames and achievement tests

are reproduced in Appendix A.

-33-
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All preliminary tests and programs were administered to go in their
respective classrooms during three separate visits Which were spaced over a
two -week period. The preliminary procedure was thus very similar to that
followed during the sixth-grade experiment. The general order and spacing of
these sessions is indicated in Table 14. While the order of administration
was identical for all Ss, the intertask delay intervals varied so as to accom-
modate scheduling requirements of the various schools.

Table 14
Schedule of 12th Grade Preliminary Sessions

2

3

Tasks

Pretests on Subatomic Particles
and II, and Relativity Programs and
the Tinker Speed of Reading Test

01011mia.=7:=1.1112111NRIMIIIMINIIIIMMIIMI.INEMemmilemar,

2 - 13 day dear

Approximate
Le _artasLasigion

1-1/2 hrs.

1.12LAMOINC01101111C1111=ftwear

Subatomic Particles I PI-ogram and
Posttest

1-1/2 hrs.

3 - 13 day delay

Subatomic Particles II Program and
and Posttest

=0.11,

1-1/2 hrs.
liZIK7NO

ental program - The program used during the experimental sessions
was a 204-frame lesson on Einstein's Special Theory of Relativity. It dealt .

with the following concepts:. frames of reference, the constancy of the veloc-
ity of light, the relativity of motion, time and distance, and some differences
between Classical and Relativistic physics. Sample frames and the criterion
test are presented in Appendix A.

An three programs underwent several stages of revision on the basis of
tryouts with tweifth-grade students.

The design or the Grade 12 Experiment was identical to that employed in
the Grade 6 ExIseezent. The sample was divided into high and low-IQ ievels
and ps were assigned randomly, within each level, to. one of the four treatment

irfiyilprwinfro..--
-
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groups designated as: Sit (self-paced, isolated setting), S/G (self-paced,

group setting), F/I (fixed-paced, isolated setting), and FIG (fixed-paced,

group setting). This resulted in a 2 x 2 x 2 factorial design like the one

described earlier and illustrated in Fig. 2, page 10. An analysis of vari-

ance of IQ confirmed a highly significant difference between levels (P 4:.01);

hilly! -TO mann = 122; inv-TO mann m 102 (See Mahlon 13 anA 14, Appendix 11).

The independent variables were: Pacing Mode, self vs. fixed; Administra-

tive Setting, group vs, isolated; and Ability, high vs. low RI.

The dependent measures were: number of Errors committed during the

program, Immediate Posttest, and Retention Test scores. For those Ss who were

run under self-paced conditions, Time taken to complete the lesson was again

free to vary as a dependent measure.

Procedure

The procedure employed during this experiment was very similar to that

described for the sixth-grade experiment. All experimental sessions were con-

ducted on Saturdays at the offices of A.IR; the entire sequence required four

successive Saturdays for completion. A detailed description of the procedure

employed under each condition is identical to the one summarized earlier for

the sixth-grada experiment. (See pages 11 end 12.)

Selection of optlakuumumg. As in the previous experiment, two

fixed paces were selected as being optimal, one for the high and one for the

:how -IQ portions of the sample. They were selected on the basis of an inspec-

tion of the scatter diagrams of time vs. achievement on the experimenta pro-

grams which were based on data obtained from the self- aced Ss during the

first two weeks of the experiment. The time vs. achievement data observed

from the 44 low -IQ Sa wh© adopte d their pace (S /I & S/G w) given in

Fig. 8..

Inspection of the distribution in Fig. 8 reveals a rather different situ-

ation than was observed for low-IQ sixth graders. (See Fig. 3, page 14.) The

slower-working twelfth graders did not tend to achieve higher posttest scores.

Thus, it was not so clear that a particular slow pace might raise the achieve-

ment level of these students. The point chosen as "optimal" on the hypothet-

ical parameter corresponded to 110 mins. on the time scale. This was the

-35--



vastest time in which a student of less-than-100 IQ was able to complete the

program and obtain maximum achievementwhich, in this case, was 85 percent.

Figure 9 displays the comparable scatter diagram for the high -IQ group.

Comparing it with Fig. 8, it may be seen that overall achievement as higher

for the high.ability Ss. The amount of time spent to complete the program

selnn Aifforati: tho mpainn ±or hiph-Tg. Ra was 82 mine , taw,. por cs,

the median was 95 mins. It will be recalled that at Grade 6, the median time

score was identical for both ability levels. Many of the high-TA twelfth

graders achieved posttest scores in excess of 90 percent, following a wide

:aenge of completion times. However, the minimum time which appeared nee-

essaiy to achieve 90 percent was only 60 mins. and this was taken to be

"optimal."

Having selected, the optimal total time to employ at each ability level,

it was again necessary to distribute that total among the 209 frames of the

program. *As before, this was accomplished by using the per-frame time data

recorded from the 22 Ss, of each ability level, who worked under self -paced

conditions in the isolated setting (S/I). The median time spent on each frame

by the self-paced ap was expressed as a proportion of the sum of all these

medians. Five seconds were again allocated to each confirmation frame, so that

approximately 11 minutes of the optimal total times were devoted to the check

pages. The remaining time was distributed among the frames in the proportions

calculated for eatlt frwm from the de,a of the self-paced Ss. Times allowed

per frame varied between 10 and 49 secs. for the low-IQ Ss, and between 3 and

25 secs. for the high -IQ Ss.

Conduct of the fixvItmeed sessr.lns - On Saturday 3, all low -IQ Ss assigned

to fixed-paced, isolated and fixed-paced, group conditions were run at the slow

(110 mins.) fixed pace. The F/Iffigh and F/GHigh conditions were run on Satur-

day 4, at the-fast (60 mins.) pace. The details of these procedures may be

found on page 15 where they are described for the sixth-grade experiment.

All Ss were given the Relativity Posttest as soon as they finished the

program. The same test was administered for a second time as a measure of

retention, Retention testing was conducted at the various schools during two

periods, 30-33 days following Saturday 1, and 30-33 days following Saturday 3.
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Because of administrative difficulties: it was not possible to test everyone

at equal delay intervals. This meant that for the Ss runs on Saturdays 1 and 3,

the delay was 30-33 days, but for those run on Saturdays 2 and 4, the delay

was only 23-26 days. The average delay interval was thus comparable among both

Setting and Pacing Mode conditions, but the high -IQ, fired -paced group was

tested systemiticalli sooner (three weeks vs. four weeks) than the law-N,

fixed -paced group. Therefore, any superiority to be found for the high-IQ

groups in Retention score may be partly attributed to the fact that they were

retested sooner.
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RESULTS

The results of the twelfth-grade experiment will be presented in a manner

analogous to that employed to summarize the previous, sixth-grade experiment.
Separate sets of analyses will be described which deal with: (1) the overall
AssfPx.^4.0 ^44 Amint.A. ie.%

vs sclibu.s.wo ivsywall wwwW.u459 AM144.40j, VG) -use specific effects of

optimizing the pace for all low and high ability Ss, and (3) the effects of

optimal paces on the particular subgroups of Ss hypothesized as most likely to

benefit from that procedure.

In addition to the summaries of twelfth-grade results, comparisons will be

made of the results of the two experiments. The purpose of these comparisons

will be to assess the role of grade level on the relative abilities of students

to adopt work rates which are adaptive and, consequently, the degree to which
programmed learning may be improved by externally controlled pacing for students
at the lower and higher grade levels.

The Overall Effects ofarsiNillodegetting, and Ability_

The effects of each independent variable in the 2 x 2 x 2 factorial design

(see Fig. 2, page 10) were again assessed by analysis of variance techniques.

The experimental sample consisted of 176 Ss with 22 replicates per cell. To

test for the results of the random assignment of Ss to treatment conditions,

analyses of variance were again performed on IQ, Pretest scores, and charac-

teristic Work Rate (on the self-paced preliminary programs). These analyses

are summarized in Tables 13-16 in Appendix B. As was the case in the sixth-
grade experiment, the various groups appeared reasonably well equated on

these measures. The high-IQ level was again different on Pretest and Work

Rate than the low-IQ. The one significant failure of the randomization pro-

cedure to equate the groups occurred on Work Rate among the high-IQ Ss. Table

13-B reveals that a significant Mode x Setting x IQ interaction exists for

Work Rate. Inspection of the cell means indicated that those high-IQ Ss

assigned to the F/I and S/G conditions were slower vorkers than those assigned

to the S/I and F/G conditions.

The dependent measures of primary interest axe scores on Immediate Post-
test and Retention Test as well as Errors committed during the program. Time

to complete the program was again free to vary among the self-paced Ss. Four

analyses of 'variance based on these dependent measures, are summarized in Table 15.

-39-
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(a) Pacing_ Mode (fixed vs. self) - From Table 16, it may be seen that fixed.

pacing resulted in more errors than self-pacing. The difference, in rates of

error, was 22 percent for fixed-paced Ss vs. 17 percent for self-paced Ss (P < .01).

The superiority of the self-paced groups during the program was accompanied

by somewhat higher Posttest and Retention Test scores. (See Tables 17 and 18.)

While the difference in Posttest means was not significant, that in Retention

was significant beyond the .01 level. (See Table 15.)

The effects of Pacing Mode observed at Grade 12 are thus quite consistent

with those observed at Grade 6. Self-paced Ss at both grade levels were more

accurate during the program and tended to perform better on criterion tests.

At both grades, however, the differences between self and fixed-paced Ss on the

posttest measure failed to be statistically significant. Only at Grade 12 did

self pacing lead to significantly better Retention scores.

(b) Administrative Sett_lt.jr.1- From Table 16, it is evident that the setting

in which the program was administered again had an effect on Errors. The mean

error rate for the isolated Ss was 22 percent vs. 17 percent (P <.01) for

those who worked in groups. (See Table 15.)

As was the case al, Grade 6, the superior accuracy of the grouped !Ss during

work on the program was not accompanied by a significant difference in either

Posttest or Retention Test scores. (See Tables 15, 17, and 18.)

Table 15 also summarizes the analysis of Time spent by the self-paced Ss

in completing the program. As was the case at Grade 6, the group setting again

led to longer completion times than occurred in the isolated setting; The dif-

ference in this case, 95 vs. 86 mins., is significant at the .01 level. (See

Tables 15 and 190

The fact that the isolated Ss adopted faster work rates is consistent with,

and may account for, the Tact that they were less accurate during the program.

An alternative explaaation might be that, since isolated Ss were much more

closely monitored than were the grouped Ss, they had less opportunity to read

ahead and copy correct responses from confirmation pages. Although the grouped

Ss were monitored, there was not an E for every S as was the case in the iso-

lated situation.



Table 15

Numeries of Cavience Analyses of

IMMIEViaMfiORM-

Four Deondeat Measured:

(N * 176)1

Credo 12

W O =Orr
11EIATDITI

POSIffsn
RELATIVITY

111r:111TIOff

FIETATIVITY.

Tne
REMTIVIT!

Source Dar.
Mean
Squares F

28.80*,

28.00**/

81.00**
-

18.50**
-

-

2.34

88.29**
-
-

-

1.18

9.24**
2.04

90.101**
2.52

1.47
1.59

7.56**
14.94**

Mode
Setting
IQ
M x
M x I
E x 1
MxSxI
Within Replicates

Mode
Setting
IQ
m x s
M x I
S x '
mxsxx
tiithin Replicates

Mode
Setting
IQ
it x S

M x !
S x I
Mx8xI
Within Replicates

Setting
IQ
S x I
Within Replicates

1
1
1
1
1
1
1

168

1
1
1

1
1
1
1

168

1
1
1
1
1
1
1

168

1
1
1
84

1.18

.94
3.23
.02

.76

.03

.03

.04

589.13
34.59

22185.32
.00

43.98
10.97

295.39
251.29

2768.20
611.27

27101.45
752.82

76.45
439.11
477.83
299.68

2091.36
43.31.91

8.30
276.60

*significant beyond the .05 level

**rignificant beyond the .01 level

'Since Time was free to vary only for the self-paced conditions,
the N for that analysis is 88



Table 16

St wary of Nuabor of ERRORS Committed Daring The
Relativity Program for Each Level of Zscb Varisblel

(If - 176)

NODE

levels oe Independent
Variables

11111111.4.11161,00

SETTING

/Q

self -paced

fixed-pace

Mean S.D.

54.36 36.05

70.58 31.94

isolated

group

high

low

We%

70.34

54.60

45.83

79.11

33.14

35.o6

Sign.
Level

.01'

4.01

26.31
34.65

4.01

1Zotal number of errors possible = 325

Table 17

Summary of Percentage POSTTEST Scores
for Each Level of Each Variable

= 176)

Levels of Independent
Vriatles

self-paced
fixed-paced

MODE

BETTING

IQ

Mean

76.45

72.80

S.D.

19.76

18432

Sign.
Level

. N.B.

isolated 74.18 19.26

group 7S;07 19.50
LS.

high

low

85.85 11.17

63.40 19,28

Table 18

Summary cf Percentage RETENTION TEST
Scores for Each Level of Each Variable

(N = 176)

Levels, of Independent

Variables

self-paced

fixed-paced
MODE

SETTING

IQ

Mean

62.05

54.11

S.D.

.46

21.38

Sign.
Level

4.01

isolated

grouP

56.22

59.94

21.73

21.68

high

low

70.49

45.67. 15.35

20.05
Z.01.

Table 19

Summary of TIME to Complete the Program
(lh Mins.) for Each Level of Each Variable

a 88)

Levels of Independent

Variables

SETTING

IQ,

isolated

VOW)

Mean S.D.

85.57 18.41

95:32 17.26

high

low

83.59

97.30

14.83

19.22

Sign.

Level

4.01

4.01



(c) Ability - Inspection of Tables 15-19 indicates that high-IQ Ss were

again clearly superior to low-IQ Sn on every aepeadent measure. The difference

in error rate was 14 percent vs. 25 percent (P <.01); in Posttest, 86 percent

vs. 63 eercent (P < .01); in Retentieu, 70 percent vs. 46 percent (P <.01).

The direction of each of these differences parallels that observed at Grade 6.

One major difference between the grade levels Is in the effect of Ability

upon Time to complete the program. It will be recalled that no significant IQ

difference was observed for Time scores of sixth graders. In the case of the

twelfth graders, however, the'Ig difference was significant. From Table 19,

it may be seen that low-IQ EU, .pent a mean time of 97 mins. to complete the

program vs. only 84 mins. for high-IQ Ss (P < ,01).

Only.one significant interaction occurred in all these analyses: Pacing

Mode x IQ in Errors. (See Table 15.) Briefly, this interaction indicates

that while li=e difference in error rate existed between self X23 Percent)

and fixed-paced (25 percent) low-IQ Ss, a fixed pace for high -IQ Ss led to a

substantial increase in error rates, from 10 percent to 19 percent. Thus, the

slowing of low-1Q Ss had little effect on their accuracy during the program,

,whereas the speeding of high-IQ Ss caused a substantial decrease in their

accuracy.

The overall effects of each independent variable, then, are highly simi-

lar at both grade levels. The one major exception noted was the difference in

time taken to complete the program between high and low-ability twelfth graders.

It appears that self-adopted work rate is more strongly related to ability at

Grade 12 than at Grade 6.

The Effectsdents
An evaluation was again made of the slowing-up strategy for low-ability

Ss by variance analyses. The effects of the strategy on particular subgroups

within the low-ability level were again assessed by a multiple prediction pro-

cedure completely analagous to that described for the sixth-grade experiment

(pages 23 and 24).

(a) Anaasaisortariance results for low-IQ Ss - The variance analyses for

low-IQ Ss are summarized in Table 20. The means of each treatment group on

each dependent measure appear in Table 21,

-
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Table 20
Summaries of Analyses of 'Variance of the

Performance of Low -IQ Twelfth Graders
(li 68)

Source

LOG Mode
TORS Setting

RIZT.5 WIMPY M x g

1
1

Within Replicates 84

Kean
Squares

.02

.31

.05

.03

1?

9.5641*
1.57

Mode 1
Ponerwr Setting 1

REYATIVrIT M x S 1.1.

Within Replicates 84

'EMT=
AtEIATIVITZ

Mode
Setting
M x
Within Replicates

1

3.

84

155:56
42.28

150.28
380.82

a

.. Sc ...............
1882.37
1043.28

15.56
381.24

ERRORS
RELATIVITY'

POS11",,EST

BEIATIVITY

REFAMION
RMATIVITY

Table 21
Performance Sinimaries of Treatment
Groups of Xoor-IQ;; Twelfth Graders

(II t 88)

Levels of independent
Varliablcs

Mode

Mean

self-paced 70.47

fixed-pace& 75.86
....... oceuvelp..... .. s 0555_as_aaa YS ono Sr

Setting

Mode

isolated 83.96

group

self-paced

fixed-paced

Setting

Mode

63.75

%.07=01,0...._

4.94*
2.74

Sign.

Li
B.S.

0 SS 1100...

4 .01

64 .72

62.07
N.S.

Asa W WO as ass ......... 110.
isolated

group
1111001.nelem001100101

self-paced

fixed-paced

62,70

64 o9

53.30

41.05

N.S.

4 AY;

C4 n............. 00 ............... 01WWAMW0WWWWWWWWW

Setting

10W

=

isolated

group

.44-

..0.1,=77

42.23

49.13.
S.-

,g



These analyses reveal that the slowing strategy failed to enhance the

performance of the low-ability students. On the ccatrary, the direction of

the differences favored the self -paced group on every measure, although only

the difference in Retention was significant (P < .05).

The pattern observed among the low-ability twelfth graders is very sini-

lex to that observed am -Az their counterparts in sixth grade. At both grade

levels, the forced slowdown tended to degrade rather than to enhance their

performance. There appeared to be less decrement in accuracy during the pro-

11 gram among the older students, but somewhat more decrement in their retention.

These minor differences aside, the strategy of prolOnging their contact with

each frene in the program appears to be equally unsuccessful at Grades 6 and 12.

(b) Performance of various sub roux s among the slo121,§2- While the

11

results of the variance analyses summarized above display rather high similar-

ity between the two grade levels, a more detailed inspection of results for

subgroups revealed some interesting differences.

111

3

3

Figure 10 displays the scatter diagram of predicted time vs. predicted

achievement for each of the 44 low-IQ Ss who worked under the slaw* fixed-

paced condition. These data points represent estimated time and achievement

scores which would have resulted had they worked under self-paced conditions.

(The multiple regrevsion analyses and predictor weights based upon 88 self-

paced Ss are summarized in Tables 17 through 24, Appendix B.) To each Ts data

point is connected an arrow which leads to the actual posttest score obtained

by that S following the slow* fixed pace. The location of a data point re eals

the work rate and ad ievemsnt pattern predicted for that S, had he been per-

mitted to adopt his own pace. For example, points falling in the lower left-

hand quadrant describe fast-working, low achievers. The direction of the arrow

connected to each point indicates whether fixed pacing led to higher (upward

arrow), or. lower (downward arrow) scores than would have resulted from self

pacing.

The Most apparent feature of the data appearing in Fig. 10 is the relative

absence of cases predicted in the lower left-hand quadrant of the diagram; there

were few Ss who could be characterized as habitual fast-working, low achievers.

This situation contrasts markedly with that observed at Grade 6, where a sub-

stantial number of Ss were predicted to be fast, low achievers (see Fig. 6).

I
-45.
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Fig. 100 Scatter diagram of predicted time vs. predicted achievement
scores for A lov-IQ Ss Y-Tho took the program under r,low (110 mins.) fixed-
paced conditions. Arrows end at actual posttest cAores obtained.

Regarding the direction of the differentes the general trend is for

obtained scores to be slightly lover than predicted sccees. This, of course,

is consistent with thi) analysis of varionse outcoue; the slowing strategy

failed to enhance posttest scores. Further, that general trend appeared to be

fairly uniform over the entire distribution with no particular subgroup bene-

fitting from the slowdown.

Although few students could be characterized as clearly fast- working,

low achievers, the ten Ss predicted to be the fastest- working, lowest achievers

(had they paced themselves instead of having been slowed down by the fixed pace)'

were selected for further analysis. This is the group ihich was hypothesized

as most likely to benefit from thz slow, fixed pace. A reries of t-tests was

conducted to assess the differences between their predicted and obtained scores

on each measure. The results of these tests appear in Table 22. These may-
s s indicate that: (1) the fixed pace (110 mins.) was indeed slower than their

normal paces (P < .01), (2) they committed a somewhat larger number of errors,

(3) they achieved somewhat higher Posttest scores, but (4) significantly-lower

Retention Test ecores (P < )01).

--r-
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Table

Summary t-test Analyses between Predicted and
Obtained Scores of Fast-Working, low Achievers.

Grade 12

Dependent'
Variables d

T4ne lA
.4,e

IP, me. -I 1. I.

Errors 10 -11.80 5.46
Posttest 10 -3.90 2.16
Retention 10 16.40 3.87

Sign.
t Level

-12.15 .01

-2.16 NS.
-1.81 N.S.

4.1 < .01

* (-) sign indicates
score

that Otained score was greater than predicted.

To summarize, the strategy of slowing twelfth graders failed to enhance

performance even for the fastest-working, lowest- achieving members of the group.

To this extent the Grade 6 and Grade 12 findings are quite consistent. At

Grade 12, however, there are fever candidates for this treatment. That is few
low-achieving twelfth graders were habitually fast workers.

17&2712EltuaLattlingJakialtilftnts
The final assessment to be made of attempts to achieve au optimal fixed

pace concerns the strategy of speeding high-R1 Gwelfth graders.

(a) Covariance analyses results for hi 11.-Ig Ss - 3ecause o'f the marked im-

balance among high-IQ ps in Work Rate which resulted from the random assignment

to treatment conditions (see Table 13, Appendix 3), Work Rate (on preliudnary
programs) was employed as a covariant. Sununary analyses and adjusted means

appear in Tables 23 and 24.

From these tables, it may be seen that the rapid, fixed pace disrupted

performance as assessed by all three dependent measures. All differences noted

in the tables favored the self-paced group and every one was statistically

significant.

A significant interaction occurred in the Retention measure between Pacing

Mode and Administrative Setting. This interaction, plotted in terms of cell

means for adjusted Retention scores is disp:_gred in Fig. 11. The superiority

-47-
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Table 23

Summary Covariance Analyses.of the Performance
of High-IQ Twelfth Graders. Work Rate (on preliminary

programs) was employed as covariant throughout.
(N = 88)

11
ERRORS Setting

Mode 1

Source D.P.

LOG
1

XELATIMITI M X S
Within Replicates 83

...E.11...
Mean

austr e s

2.09 38.9,14'
.72 13.36**
.00 -

.05

Mode 1

POSTTEST Setting 1
RELATIVITY M x S 1

Within Replicates 83

RETENTION
RELATIVITY

520.76 4.34*
4.03
40.61

119.97

4ED

4ED

Mode
Setting
M x S
,Within Replicates

1 979.91. 4.45*
1 7.46
1 987.62 4.48*48*

83 220.37

ERRORS
RELATIVITY

POSTTEST
RELATIVITY

RETENTION

RELATIVITY

IMMINWEEE.IIM.D11.

Table 24

Performance Summaries of Treatment
Groups of High-IQ Twelfth Graders

(N =88)

Levels of Independent
Variables

Mode
self -paced

fixed-paced

Adjusted Sign.

Mean Level

31.39

60.27

Setting

Mode

Setting

isolated 65.43

group 38.43

self-raced 88.29

fixed-paced LJ.41

isolated 85.44

group

<.01

<.01

< .05

86.27
N.S.

Mode
self-paced

fixed-paced
............ 010.MDMOOMOD....00.410

Setting

isolated

group

73.85

67.13
< .05

70.11

70.87
N .8



in Retention displayed Ivy the self-paced Ss is accounted for completely by the

data for se -paced Ss vtowerked in the isolatL! ssttiub. That is, the

Retention means of the S/GRig4 and F/Gt, crosditL:m ax Fri aetteally idehtical9

whereas the Retention mean of the SA* condition is stfostantially higherHigh
than that of FIIKio. Ile implication seems to be th-t while speeding did

impair performance across the board, was particularly disruptive of the
rAtAntinn ne

..Iry ,o4.. its izivi A./ Cv.-eouslytt, this interaction

pattern is almost identical to that detected among sixth waders who were

slowed (see Fig. 5, page 22), but appeared in no measure other than Retention

at either grade level.

E-4

80
77.0

R
Z

75
.4.4

, SPte

g
0 70.7 "sIt 70.8

70 0...... liaoaxwasimsmmze0
Grouped Ss '4*

ra
E''4 k
43
C4 65 '44.Z
0

63.4
60

Self-Paced

PACING MODE

Fixed-Paced

Fig. 11. Mode x Setting interaction in Retention
scores adjusted for characteristic work rate.

(b) Per ormance of various subgroups anion the seeded a, The scatter

diagram of predicted time vs. predicted achievement for each high-I41 S appears

in Fig. 12. It is evident from the figure that the optimal pace forced every

S to work faster than he would have, if allowed to adopt his own pace. It is

also evident that a fair number of high achievers were relatively slow workers

(data points falling in upper Aght-hand portion of the diagram).

The fact that more posttest scores went down than went up (as indicated

by the direction of the arrows) confirms that.the fast, fixed pate resulted in

reduced achievement for this group as a whole. From the upper right-hand por-

tion of the diagram, it appears that the slow, high achievers displayed about

as much reduction on posttest scores as all other Sft,

-149-
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Fig. 12. Scatter diagram of predicted time vs. predicted
achievement of 44 high-IQ Ss who took the program under fast
(60 mins.) fixed-paced conditions. Arrows end at actual post-
test score Obtained.

In order to assess the effects of speeding upon this group, 14 Ss

were seleeimd who were predicted to be the slowest-working, highest achievers.

A series of t -testa were then performed to assess the differences between

their scares obtained under the fixed-paced condition and their scores pre-

dicted to have occurred if they had worked under self-paced conditions.

Theze tests, summarized in Table 25, revealed that the fixed pace: (1) was

indeed faster than their normal, pace (P < .01), (2) resulted in commission of

more errors during the program (P <:.01), (3) resulted in lower Posttest

scores (P < .01), and (4) led to a modest, but not significant, reduction in

Retention Test scores.

It seems clear, then, that speeding these students was not a successful

strategy for optimizing learning since the rapid pace took its toll on every

performance measure. The failure of the strategy cannot be attributed to a lack

of slow- working, high achievers; there were fair numbers of such students in

the twelfth-grade group. Even when considered by themselves, however, their

performance decrements were pronounced.

-50..
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Table 2,5

Summary t-test Analyses between Predicted and
Obtained Scores of Slow-Working, High Achievers.

Grade 12.=...11MIIMME
Dependent
Variable N

Time 14

Errors 14

Posttest 14

Retention 14

Sign.
The ad t Level

26.86 .80 33.58 <.01
-31.29 4.92 -6.36 .01

7.78 2.66 2.92 <.05
2.86 3.81 75 N.S.

(-4 sign indicates that obtained score was greater than predicted
score

1.

It will be recalled that the speeding strategy appeared to be more suc-

cessful at Grade 6, where the speeded Ss withstood the fixed pace without sig-
uificant impairment in criterion-test scores. The observed failure of the

speeding strategy at Grade 12 would seem to indicate that these students are

less amenable to speeding than are sixth graders. However, it is first neces-

sary to consider whether the degree of speeding brought about by the particular

fixed pace employed was the same at both grade levels.

One way to quantify the extent to which students were speeded by the rapid,

fixed pace is to express the diVerence between predicted and actual total time

as a percentage of the actual time, resulting in a percentage speedup or time
saved for each S. The mean percentage speedup for twelfth graders, calculated
on this basis, was 26 percent. And, as noted earlier, it turned out that every S
in the fixed-paced conditions was indeed speeded. It will be recalled that the

situation at Grade 6 turned out to be rather different. First, 17 of 61; Ss
were not speeded by the fixed pace employed. Even considering only those Ss

who were speeded, the mean percentage speedup was only 13 perc6nt. It is

perfectly conceivable, then, that had the optimal pace represented as modest a

degree of speeding at Grade 12 as at Grade 6, the older students may not have

suffered significant achievement decrement.

Quite apart from the question of statistical significance; the magnitude of

changes brought about by fixed pacing at the two grade levels might be contrasted.

Table 26 contains a summary of such changes at each grade level. Two kinds of

-51-
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comparison are nade: (1) between self-paced and fixed-paced high-IQ Be and

(2) between the scores predicted for. and actually obtained by the fixed-.
paced Ss. The numbers appearing in Table 26 express the difference between

the higher and lower scores as a percentage of the higher. For example, the

mean Posttest score for high-IQ sixth graders who worked under self- paned
"Pi LL m-t-g- ft. ____-_ ^pot &ta

1~=MAV411WWWW W420 1.1D.VW %DOC LW= Al, page di/0 ror mrxeniTaced 88 9 tit, mean
VW 67.48. The difference, 4018, is 5.8 percent of the higher (71.66) score.

The performance of the fixed-paced el' 't graders is closer to their pre-

dicted performance than to the performance of their counterparts who worked
wider self-paced conditions. Apparently the self-paced group, though quite
similar in terms of IQ, Work Rate and Pretest, contained somewhat higher

achievers.

The magnitudes of decrement appear more similar on both bases of com-
parison among twelfth graders. And, for the most part, the more extreme degree
of speeding at Grade L2 resulted in more pronounced decrements in performance,
particularly in Errors.

Table 26

The Effects.of the Speeding.

.8trategy at Grades 6 and-12
-.M..".........'=..IPnnnwmwrrammsNsrwrfflnrwI&' ..11

Basis of Mean Degtee Mean Increase Mean Decrement Mean Decrement

arsArgailreo inGrade N of in Posttest in Retention:...fW2.eal lF.rors

6

:self vs.
128 11.4

fixed 5.8A u.6%

predicted 47 13% 44% -.38% 2.77%
vs. Ise

obtained 64 61, 1.65% 2.79%

32

self vs.
fixed

88 35%

predicted
vs.

obtained

IN.1111

92% 5.5%

26% 80% 7.13% 6.25%

....1..eararms ..711MMIIIMMIN11[111411114.1111111111,

(-) sign indicates that obtained scores were higher than predicted
in this instance



The Relationshippljamlbillty.2214Erformance Measures at Grades 6 and 12,.

in addition to the analyses previously described, a complete matrix of

correlations was calculated at both grade levels among all ability, preliminary

program, and experimental. -program variables measured. In all, 20 such eleasures

wee obtained at each grade. The variables and complete matrices are presented

in Tables 25 and 269 Appendix:B. Correlation coefficients obtained for 31, of .

the 20 variables are included in Tahlo CompareSle nnesf f c; ants frem nredee. 6

and 12 are presented, side by side in Table 27, for ease of. comparison.

Inspection of the table reveals some striking similarities and differences

between the two grades. Some of the clearer similarities are the correlations

between IQ and the program performance measures of Errors, Posttest, and Reten-

tion which appear across the top row of the table. The influence of ability

on performance seems to have been rather strong, and about equally sot st both

grade levels. Another inter-grade similarity is the nearly equal and. quite

strong inverse relationship (-.58 to -.75) between errors and achievement on

all programs. This implies that accuracy during the program contributed to

higher achievement on all programs at both trade levels.

Further inspection of Table 27 reveele that sixth and twelfth graders dif-

fer widely with respect to the variables which are related to Work Rate. In-

terestingly, individual Work Rate (measured by total time to complete a program)

was found to be highly stable during both preliminary programs at both grade

levels. The value of rho for sixth graders was .775,.ftr twelfth graders, .723

(bee Tables 25 and 26, Append5x B). On the other hand, characteristic Work

Rate among sixth graders is less strongly related to IQ than is the case among

twelfth graders: -.38 v$. -.62. While it is not possible to assess the sta-

tistical significance of the difference between these coefficients, it is

reasonable to suspect that they arise from substantially different relation-

ships between Work Rate and ability at the two grade levels.

Further evidence off' the disparate roots of self- adopted work rates at the

two grade levels appears in the column under Time (to complete the experimental

programs). At Grade 6, Time was related to IQ only to the extent r 7 -.14,

while at Grade 12 this relationship was r ut -061. Similar inter-grade dif-

ferences appear in this column for the coefficients between Time and: reading

speed, error rates during preliminary programs, and achievement rates on

-53-
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prel;miLary. wograms. The excepOon is the similar* high degree of correlation

between work :mites on preli6inaWind experimental programs (063 and ,64) whiff

were present at both gradese

One final observation of interest from Table 27 is the correlation be-

tween corree..ed and uncorrected reading-speed scores. The extent to which this

correlation fails to be perfect (1,00) reflects the extent of hasty. and care-

less performance during the Tinker Speed of Reatiiae Test. This test requires S-ta

read atwo-sentenee item and cross out the single word ioes not belong

in that context. Designed to be a pure "speed test," its- items are written so

as to insure an extremely high probability of correct responding on each item.

Siiply stated, every item is very easy; the key word is obviously incorrect.
. .

BecaaSe of this, little "power" component remains, and the test measures read-

ing speed, not comprehension. Therefore, errors committed during this test

can be attributed to carelessness and haste, not to lack of ability to com-

prehend. The correlation coefficient between corrected (=mbar of items at-

. 'tempted minus nutber.of errors) and uncorrected reading speed for twelfth

graders was .99; for sixth graders it was anlv..62. The difference between

then (assessed by Z transformaU-A; Guilford, 3.956) is highly significant

(P 4(.01). It provides further evidence that careful reading and work habits

are more predominant among twelfth thy.. among sixth graders.

Consideration of the correlatimal data obtained at the two grade levels

leads to two conclusions. The first is that self-adopfed trork rate is

a highly stable characteristic of indiVidUals at both grade levels. The second

is that, while the working speed which sixth graders adopt is not strongly re-

lated to ability measures, the speed at which twelfth graders work coincides

rather closely with their abilities to read and learn.

a



DISCUSSION

The goal of programmed instructinn is to provide an opportunity for
individualized. learning. Learning may be considered to be individualized
when each student, with his own unique combination of knowledge, skills, and

is enabled to piArniio n- lfatnaning trani. ithinh is best an4ted to
shaping his particular entering behaviors into explicit criterion or exitting
behaviors. Programmed instruction can, to a much greater degree than con-
ventional instruction, provide a learning experience for each student which
is unique to him as an individual.- It may be unique in terms of the kind of
stimuli which are encountered, as is the case during branching or multiple-
track programs, or in terms of the.rate at which the stimuli are encountered,
as is the case during linear programs, administered under student-adopted
pacing cone. dons

The purpose of this stud was to consider the efficacy of the second of the
the two individualizing strategies* that of permitting the student to progress
through a linear program at a pace which he adopts. To be effective, this
strategy requires that a student can, in fact, adopt a work rate which is adap-
tive, that is a work rate which is a function of his unique ability-determined
needs and pace which results in optimal learning. Learning may be considered
optimal when maximum achievement is reached in minimum tine,

The efficacl: of administering programs under self-adopted pacing condi-
tions was evaluated in the present study in several ways. The first was by
considering the determinants of self-adopted work rate, the extent to which
work rate is stable, the extent to which it is related to ability, and the
extent to which it mey be modified. The second concerned the consequences on
performance effectiveness and efficiency of either fast or slow work rates.
Attention here was directed toward students who adopt fast work rates even
though they commit large numbers of errors and fail to achieve high criterion-
test scores, and to those students who adopt slow work rates while committing
few errors and achieving high criterion-test scores. Self-adopted work rate
is judged to be non adaptive for the former students, since it appears to be
too fast to permit them to learn effectively, end non-adaptive for the latter,
since they appear to be working slower than is necessary, hence inefficiently.
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Finally, an evaluation was .made of the possibility of improving the learning
of both types of non-adaptive self pacers by controlling their pace externallt.
This fixed-paced strategy VAS designed to force the fast- working, low-achievers
to work more slowly, and the slow-working, high- achievers to work more rapidly.
Al1 three considerations, the antecedents of work rate, its consequences, and
the remedial efficacy of fixed-paced instruction, were investigated at both
Gri-ies.6 and 12 so as to determine the extent to which students at different
academic levels differ in their ability to adopt a work rate that optimizes
learning.

the Antecedents of Self- Adopted......221........kRates

As-74w assumption underlying the strategy of self-paced administration
of pi4ograms is that the rate at which a student works accurately reflects the
aMOunt of time which is necessary for him to respond correctly. It is expected,
therefore, that during work on a program with a given rate of lesson development,
less capable students will adopt slower work rates than more capable students.
If a strong inverse relationship is found between ability and time to complete
the program, this could be taken as evidence that the self pacing strategy is
providing optimal learning. Able students are using their time efficiently,
while less able students are spending the extra time they require.

Work rate and ability - As discussed earlier, previous studies all agree
that prog: am completion time is inversely related to ability variables, but
disagree as to the magnitude of this relationship, It was hypothesized that
the degree of this relationship may vary as a function of grade level: the
work rates of younger students may be less related to ability than is the
case for older students.

The results of the present study tend to confirm that hypothesis. While
work rate, as measured by program completion time, was found to be inversely
related to ability at both Grades C and 12, the magnitudes of the observed re-
latibnships were'rather different at the two grades. At Grade 6, the correla-
tions between work rate and IQ were: -.38 for preliminary programs, and -.14
for the Electrical Circuits Program. At Grade 12, the correlations between
work rsta,and IQ were: -.62 for preliminary programs, and -.61 for the Rela-
tivity Program. These findings are consistent with the hypothesis that self-
adapted work rate is more closely related to ability among older student groups.

-57-
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A recent study by Geg4 and Gropper (1965) includes correlaUon coeffi-
cients between IQ and program completion time among eighth graders. The
average of six reported coefficients (three separate grcups on two separate
programs) was calculated (by Z transformation) to be -.43. This compares
closely to the average r = -.38 observed for eighth graders by Kress and
Gropper (1964a) and -.14 to -.38 observed for sixth graders in the present
Gt104%ij

Another recent source of evidence bearing on the relation between intel-

ligence and work rate was presented by Klaus (1964), who reports significant

differences in time to complete a program and also time-per-frame measures as
a function of IQ level: the higher-IQ Ss adopted faster work rates on two
programs of varying step sizes. His sample was composed of 192 male, high-
school students over 1.6 years of age The Klaus finding is consistent with
the significant effect of Ability on time to complete the Relativity Program
observed in the Grade 12 Experiment of the present study. At Grade 6, on the
other hand, the difference in time to complete the Electrical Circuits Program
between high and low ability Ss was not significant.

The available evidence on this issue is by now substantial and points,
fairly consistently, to the conclusion that self-adopted work rates become more
a function of ability at the higher grade levels. It remains a question, how.

ever whether, this change occurs as a function of changes in student work
habits as they progress through grade levels, or whether it simply reflects

attrition in the ranks of fast-working, low ability students. It is possible
that work habits become modified as students experience success or failure fol-
lowing particular rates of work. Certainly, there is ample time for work habits
to be shaped toward more adaptive patterns between t4e sixth and twelfth grades.

On the other hand, it may well be that the low-ability students who exhibit
habitual,. rapid, non - adaptive working styles in the sixth grade simply fail

ever to become twelfth graders. They may, by that time, either have quit school
or been placed in special classes. The available evidence does not permit a
choice between these two possibilities.

StabilitLELLoat rate - The present study adds further support to pre-
vious findings that self-adopted work_ rate is a highly stable characteristic

of individuals. Work rate, on two programs, was found to be consistent among
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both sixth (r = .78) and twelfth graders (r = .72). This finding was consis.

tent with the Kress and Grnpper (1964a) report of stable work rates among

eighth graders (average r = .80). It appears therefore, that one of the major

determinants of a student's self-adopted work rate is his habitual style of

work.

A similar, high degree of stability of response times has been found in

a somewhat different conte:::. Karon, Rosman, Day, Albert, and Phillips (1964)

report hich ntphility in fho tendency to roflant over olt-r-

native solutions (as measured by response time) when several response alter..

natives, are simultaneously available. Students (from grades 1-4) were found

to be habitually "reflective" (long response latencies) or "impulsive" (short

response latencies) during a variety of such tasks. These investigators cite,

as possible determinants of the disposition to be a reflective or an impulsive

responders constitutional predispositions, degree of task involvement, and

anxiety over task competence. They indicate, furthe:, that these dispositions

are orthogonal to verbal skills.

The task of responding to the frames of a program appears to bear acme

similarity to the tasks employed by Kagan, et al. During a program, the stu-

dent must choose a response from alternatives which are available either on

the page, or in his verbal repertory. It would certainly be of interest, iu

future research, to determine the relationship between :7.aaividual work rate

during programs and the reflectivity-impulsivity dimension; both are measured

by response latencies and both display unusual stability over testing periods

and tasks. Moreover, both appear to be important determinants of the e-slity

of performance.

Work rate and administrative setting - Frye (1963) reported that work
J.M.IMORNI1010

rates during a program may be affected by student recognition of certeta com-

petitive aspects of a group situation. It was observed informally during the

Kress and Dropper (1964a) study that students attended to the observable pro-

gress of their peers and appeared to adjust their work rates in response to it.

In the present stely, programs were administeree, to students working either

in isolation from, or in the presence of, a group of peers. This difference in

administrative setting was found to affect self-adopted work rates at both grade

levels. In each cese, the isolated students adopted faster work rates. It

seems clear that the rate at which students choose to work can be. modified by

situational variables.
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rates than wAres note amnrig ,the -inleste.4 etuAenta. A certeln

ill

than resulted from the isolated setting was not consistent with the Kress and

Gropper (1964a) observations of group influence on work rates. It, was expected

that seeing peers work fast in the group setting would tend to speed up the

slower students and produce faster work rates than would be found in the iso-

lated setting. Contrary to'expectations, the presence of peers apparently. led

The finding that the group setting led to work rates that were slower

to slower work + +h

amount of anxiety was manifested by isolated Ss, particularly during the Grade 6

Experiment, concerning the whereabouts of friends with whom they had arrived,

There appeared to be some concern over being "left behind." Considering that

the task was rather long and that the environment was unfamilar, it may have

been more reassuring than distracting, in this instance, to observe the progress

of others. While it is difficult to determine the extent to which this effett

is, limited to the particular situations employed in these experiments, as com-

pared with in-school situations, it does appear that situational factors can

affect self-adopted work rates.

The observed stability of work rate at Grades 6 and 12 indicates that both

groups of students possess working styles which are consistent even though they

are subject to modification by situational variables. However, the rates at

which younger students habitually work on a program are only modestly related

to ability variables. Habitual work rates of older students, on the other hand,

are rather highly related to their ability. The determinants of work rate thus

appear to be different for students of different grade levels.

The first assumption of the self-pacing strategy appears to be better

justified at higher than at lower grade levels. The loft rate adopted by a

twelfth-grade student is much more likely to be a function of his unique

abilities than that adopted by a s5 xtb- grade student. That is, the twelfth-

grader's rate is more likely to reflect the amount of time which is necessary

for him to respond correctly. The consequences of this situation are con-

sidered in the following section.

Eqapsaupnces of Self-Ad

From the foregoing, it appears that self-adopted work 'rate during pro-

grammed instruction has different correlates at different grade levels. This

finding, by itself, does not provide an evaluation of the self-pacing strategy
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at the two levels. To do so, we dust consider the consequences of self-adopted

work rates. Does self pacing permit students to learn effectively and effi-

ciently?

An answer to this auestiod was sought in the present study by observation

of the relative proportions of students whose self-adopted work rate and:achieve-

ment patterns deviated from effective or efficient learning patterns. For

example, a. relatively fast work rate at by relatively lev achievement

was taken as evidence that the self-pacing behavior of a student is not con-

sistent with learning effectiveness. A relatively slow work rate accompanied

by relatively high achievement was taken to be inconsistent with learning effi-

ciency. The greater the number of students who display either of these patterns,

the less promising does an instructional strategy calling for self pacing appear.

Kress and cropper (19614a) observed that the self-pacing strategy resulted

in non-adaptive patterns of both types, i.e., fast-working, low achievers and

slow - working, high achievers, at Grade 8. The work rate and achievement patterns

observed in the present study revealed a similar situation at Grade 6. About

as many lower achievers adopted fast work rates as adopted slow work rates.

Likewise, among higher achievers there were nearly equal numbers of fast and

slow workers. Among twelfth graders, on the other hand, non-adaptive patterns

were not much in evidmce: few low achievers were found among the faster work-

ers, and few high achievers among the slower workers.

The correlation coefficients between time taken to complete the experi-

mental lesson and scores on achievement tests also reflect the difference ob-

served between sixth and twelfth graders. At Grade 6, the correlation coefficient

between time and, posttest was -.03; between time and retentions .04. Both indicate

that variation in self-adopted work rates was unrelated to variations in achieve-

ment. At Grade 12, the analogous coefficients were: -.38 (between time and

Tosttest) and -.31 (between time and retention). At Grade 12, the students who

adopted faster work rates tended to be higher achievers. These correlational

datas of course, verify that non-adaptive patterns of work rate and achievement

wore less in evidence among the older students.

The assumptions underlying self-paced program administration appear to be

much less justified at Grade 6 than they are at Grade 12. Sixth-grade students

work on frames at rates which bear little relation to their ability and which,



in many instances, preclude optimal learning. Too many low achievers work
quickly despite their obvious lack of successful responding. Knowledge that
they are incorrect, as provided by check pages, appears ineffective in modifying
their hasty approach to each frame. By the same token, many high achievers
spend more time than may be necessary considering other students of like ability
who achieve as well in less Um. An alternative to self pacing would thus
seem to be in order for non-adaptive self pacers of both types, particulary at
the sixth grade where sc many students demonstrate a need for it.

The Remedial Efficacy of......ced-Paced Instruction
If it is true that some students, particularly younger students, fail to

adopt work rates which are consistent with their ability and which appear
responsible for less-than-optima learning then remedial treatment appears
necessary for these students. A major purpose of this study was to evaluate
the efficacy of one such treatment, that of forcing students to work at an ex-
ternally-controlled pace which is desigled to coincide, more closely than does

their habitual self-adopted work rate, with their ab 1 lity

Two types of externally-controlled, fixed pacing were evaluated.. The

first was designed to improve learning effectiveness by forcing fast-working,
lm achievers to work more slowly. The second was designed to force habitually
slow-working, high achievers to work more rapidly without achievement decrement
(hence more efficiently).

administering The results
of the experiments at both grade levels indicate that programmed learning is
not more effective when low-ability students are forced to spend more time on

each frame of the program; this strategy failed at both Grades 6 and 12. The

Grade 12 result was not surprising since a forced slowdown vas not really in-

dit.ated for twelfth graders. Their self-adopted work rate and achievement
patterns were such that failure to achieve among these students could not very
well be attributed to failure to spend adequate time on the program; low
achievers tended to be slow workers.

The failure of the strategy, at Grade 6, however, cannot be attributed to
an absence of candidates for remedial treatment. Many sixth graders persis-
tently adopted fast work rates despite high numbers of committed errors and
subsequent low scores on achievement tests. If a forced slow pace were to
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benefit fast-working, low achievers, the benefit would likely arise from the

extra reading time prior to construction of responses and, perhaps, from extra

rehearsal of correct responses. Reports from the sixth-grade monitors de-

scribe a different pattern of behavior during the slow, fixed-paced sessions.

Students in this condition apparently tended to respond quickly, well before

the fixed interval had elapsed, and then simply waited until instructed to

turn the paae. While much A rptwtinn c.xpng.tela early 4n thf progrwm,

one might also expect that the student would gradually expand his working time

to more nearly fill the fixed interval allotted to each frame. However, these

students persisted in their rapid response patterns. These report% imply that

a substantial portion of the allocated time was simply not spent in task-

related behavior.

This outcome was different from an experiment reported by Kress and Gropper

(1964b) in which the adminivtradon of a program at a slow, fixed-pace led to

fewer errors and higher achic'fement than resulted from self-paced administra-

'don. However, their observations were restricted to students (eighth graders)

who, on previous self-paced programs, had demonstrated themselves to be rela-

tively high achievers. So that, while the observed superiority of fixed pacing

was uneriaected. Kress and Gropper suggested that even larger gains might be

possible among students who achieve poorly from self-paced programs. There was,
of course, more room for improvement and, perhaps, better reason to expect it
among the slowed sixth graders of the present study. The fact that no such

improvement occurred implies that more potent techniques for slowing them down

are necessary.

It seems clear that greater control mu:A. be exerted over the attending

behavior of fast-working, low achievers. Strategies are needed which either
modify the habd.tual working styles of such students or which madly the be-
havior of these students during a program upon which progressing to ea,cit new
frame is made contingent. The most direct solution for the successful admini-
stration cf programmed instruction would appear to be found in the latter.
When a student commits an error he could be required to do something more than
glance at the elle& page before going to the next frame. As sleggested in an
earlier paper (Kress- and Gropper, 1964a), this might range from simply requiring
the student to acknowledge wit:, an X on the confirmation page that his answer
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was incorrect, to requiring that the frame be repeated until he respondn cor-

rectly. Whatever the requirement may be, the modification of careless working

behavior calls for more than the simple provision of extra time during which

the student may or may not spend the extra time appropriately.

The stratemr..ofadmiroraMsatafastf- The strategy

of speeding high-ability students so as to optimize their learning efficiency

was no more successful at Grade 12 than the slowing strategy; twelfth graders

displayed substantial impairmant on all performance variables. Such a stra-

tegy, at the fixed pace employed (average speedup over self pacing was 26 per-

cent), thus fails to enhance learning efficiency at Grade 12. However, in

view of the demonstrated ability of twelfth graders to adopt a pace, for them -

selves, which is consistent with effective and efficient learning, the failure

of this fixed-paced strategy seems of small consequence.

The outcome of the speeding strategy at the sixth grade is less simple to

evaluate. The fixed pace employed did not represms a very great speedup over

their predicted self-adopted work rates. In fact, for 17 of the 6h students

observed, it represented a slower- than- normal pace. Curiously, most of the 17

displayed performance decrement. The 47 who were speeded, on the other hand,

finished the program with alOpverage savings in time (compared to self pacing)

of 13 percent without signifieant achievement decrement. The only performance

decrement observed for them was in increased error rates during the program.

Thus, it appears possible to improve learning efficiency for some sixth graders,

but only if the imposed fixed pace is at least as fast as their self-adopted

vork, rates.

The fixed-pacing strategy appears to remedy too-slow work rates among

sixth graders while failing to remedy too-fast work rates, The imposition of

a rapid pace is, of course, a very different operation from the imposition of

a slow pace. The failure of the latter was attributed to its inability to

force fast workers to modify their customary behavior. The rapid pace, on

the other hand, much more directly forced slow workers to modify their custom-

ary behavior. They simply had no opportunity to spend relatively long periods

of time on each frame. While numerous alternatives appear better suited to

foster more deliberate work habits among careless workers, it is difficult to

specify a more direct method to heighten efficiency among deliberate workers.
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A word of caution is in order regarding the forced speedup strategy. Since

it did lead to the commission of greater numbers of errors during the program,

such treatment might be expected to lead to undesirable side effects. However,

the interpretation of errors as a measure of performance in fixed-pacing situa-

tions is risky since a rapid pace may preclude the construction of responses

which could be made but for the shortage of writing time The dramatic rise in

errors may thus be largely an artifant of this privt4nillftr sykftni....,,istion which

may nct indicate failure to form a correct response so much as lack of time to

write it out. Moreover, the allocation of more time to overt responses rather

than to complete, covert responses may result in a larger number of completed

blanks but less learning, and therefore, be a poor strategy. Ultimate judge-

ments about forced speeding strategies should be based upon observations of its

effects on long-term retention, transfer, student attitudes, and on subsequent

self-adopted work rates.

It should be pointea out that this study provides only a limited asses-

meat of the remedial value of externally-controlled pacing. The complet

times chosen for the fixed paces, the tempos employed for frame present ,ItY.

were arbitrary. They were limited to two tempo levels: one designeli,,

down most low-ability students, the other to speed up mos' high-ability students.

While the slowing strategy seemed clearly ineffective, the speeding strategy

appears to have some merit. Sixth graders did withstand an average speedup of

13 percent without marked achievement decrement. Although twelfth graders did

not withstand the speedup which, for them, turned out to average 26 percent,

it is perfectly possible that they might have absolted a less severe speedup

without achievement decrement.

A final point which should be borne in mind concerns the programs which

were employed to assess the effects of pacing. Both the Electrical Circuits

Program (Grade 6) and the Relativity Program (Grade 12) underwent a series of

student tryouts and subsequent revisions prior to their use in the experiment.

On the basis of tryout data both were judged to be reasonably effective, How-

ever, the experimental samples displayed error rate and achievement scores

which were more variable than was expected to arise from self-paced administra-
tion. Moreover, achievement was IQ-related on both programs. Conclusions
from the present study are, of course, limited to materials of the genera/ type

employed here.



Conclusions

The results of the present study together with those of previous studies

cited suggest several conclusions with respect to the efficacy of instructional

strategies calling for student-adopted and externally-controlled pacing.

The assumption that self-adopted vork rate coincides with student ability

appears to be well founded among upper- classmen in high school and among college

students. Consequently, self-paced program administration appears to optimize

both learning effectiveness and efficiency among these students. For them,

self- pacing seems clearly preferable to the fixed-paced strategies employed in:

this study.

Among younger students, specifically sixth and eighth graders, self-adopted

work rates neither coincide well with ability nor do they lead to learning, which

can be described as optimally effective or optimally efficient. Substantial

numbers of these students demonstrate a need for remedial treatment by their

uon-adaptive work rates. High achievers at Grade 6 can, in some instances, be

forced to learn more efficiently by simply forcing them to encounter the frames

more rapidly through a controlled pace of program administration. On the other

hand, low achievers at Grade 6 klo not learn more effectively when forced to

spend more time with the program by the imposition of a slow, fixed pace. This

apes not, of course, indicate that they should be permitted to adopt their own

pace. It indicates, simply, that the particular strategy assessed in this

study, providing additional time during each frame, is not an effective remedy

for their problem.

The maladautive patterns of work habits Observed in this study may very

well be characteristic of students who have been described in other contexts

as "under-achievers." Both students who learn less and students who learn

more slowly than would be predicted on the basis of their ability are display-

ing underachievement.

The fast-working, low achievers observed at Grade 6 displayed en habitual

approach to programmed learning which appears t" be related to what Kagan, et al

(1964) have called "impulsivity." The prevalence of such a working style among

younger students and its stability over time and across tasks suggest it is a

performance dimension which may have detectable effects in many different tasks.

-66.
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It would be or interest in future research efforta o study the generality of
inappropriate self-study styles to tasks other than instractional programs.
Further, it would be of interest to determine the stability of such styles
over longer periods than are covered by existing studies. nix determination
would reveal, whether sv,ch students gradually develop more appropriate habits
by the time they reach the higher grades or whether they drop about before
ever reaching them. Finally, if under-achievement can be traced to an onlerly
performance dimension, the development of remedial strategies which foster more

successful self-study habits Would be both :feasible and potentially rewarding.
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SD: Mk-GRADE PROGRAM SAMPLES*

FORCE & MOTION PROGRAM
(sample frames)

44.

These two men are pulling against each
other with the same amount of force.
What will happen to the wagon? IT WILL
STAY WHERE IT IS. LREMAINAT REST71
WONT TTIY1' TO MOVE.

45.

O.:Jule two men are pushing against each
other. What will happen to wagon?
IT WILL REMAIN AT MST. IT WON'T
MOVE

4SLOS. ,3474-ts."-Ces.

46.

The wagon which will remain at rest is
wagon B. Wagon A will start to move.

50 1.410 MIAS. rs Les. V8.65.
411=11410

47,

Forces A and B both act toward the box.
But since force A acts to the right and
force B acts to the left, we Bay that
they act in OPPOSITE directions.

A Es

48.

Both fortes act sway from the box, A to
the left, B to the right. Forces A and
B act in OPPOSITE directions.

49.

The forces acting in opposite directions
are shown in $. The forces acting in the
same direction are shown in A.

50.

This wagon will remain at rest because the
two forces are EQUAL in strength and act
in OPPOSITE DIRECTIONS.

IN111111111.11.111MILMINIMINII Anummlwmlermw010..10.1.............
*
Sdbjectz were required to make constructed responses for all frames. The sample
frames reproduced here are those which were presented to them as confirmation frames
after they had made their own responses. The correct constructed responses appear
in capital letters.
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ATOMIC STRUCTURE PROGRAM
k sample frame o

51.
If we took a closer look at one atom of
this gas, ve would see that it has MORZ
THAN ONE part,

Gas
Close look at

one atom

52.

Atoms look something like the solar system.
Just as the center of the solar system is
the sun, the center of au atom is the
VUCLEUS.

solar system
atom

53.
Planets move in paths, called. orbits,
around the sun. In this atom, we can
see some particles moving in PATHS
(ORBITS) around the NUCLEUS.

solar system

A-2

54.

The boy in #1 is spinning a stone at the
end of a string. The stone moves in a
path Cr: ORBIT around the boy. Similarly,
the part labelled (E) in moves IN AN
ORBIT AROUND THE NUCLEUS.

a.
55.
The small part orbiting around the nucleus
is called an electron. label the two
parts of the atom.

56.

This atom has two ELECTRONS. Describe
how they move. THEY BOTH MOVE XN PAIRS
2LORBITS) AROUND ME NUCIMUS.

ELECTRON



FTECTRICAL CIRCUITS PROGRAM
[0.1.

25.

Charged particles act like the poles of a
magnet. Two different (unlike) poles at-
tract, or pull toward, each other. Sim -

ilarly,, two differently charged (ainlike)

particles will ATTRACT each other.

iirampi .1.-matsa...

21..1d al...g e
26.

1Vo same (like) poles of a magnet repel,
OT push away from, each other. In the
same way, two particles with the same
(like) charges REM: each other.

4. ...v. 4.
laTA N1 ee

27.

An electron is repelled by another nega-
tive b'tt i5 attracted by a pos-
itive charge,. Partiae'B will move toward
particle C and away from particle A.

28.

Because they are alike, these two negative
charges will move APART,

and these two positive charges will move
APART,

A-3

29.

Two negative charges will move AWAY FROM
each other, but a negative charge and a
positive charge will move TOWARD each
other.

30.

Write Attract beside the charged particled
that will move together. Write Repel be-
side the charged particles that will move
apart.

ATTRACT

REPEL

REPEL

ATTRACT

31.

This charged particle will be attracted
by A POSITIVE CHARGE and repelled by A
NEGEMENAMETTEEECTRON).

32.

Draw two char ,lea particles which move
away from each other.

101111tall
Of?

Draw two charged particles which move
toward each other.

Ott

.1



VVOrRIDYOAT riTnntrwric nonrmAu
Jaa.1.11VP4xaa 1VViiU A .11WW4%.

(sample frames)

178.

Adding resistance in series, adds to the
number of collisions the electrons have
with obstacles. The circuit with more
opposition to electrons is circuit A.

3-c).
{MR

-mmeNIMMISIMEND awsWeal Ulb

B

179.

When resistance is added to a series cir-
cuit, current flow DECREASES because the
electrons have MORE collisions with ob-
stacles.

180.

Each time we add a new resistance in a
series circuit, the current flow is
DECREASED.

2/10 21.

E:1±-.11mj -41-4

()Amps)

12,v

(sAmPs)

181.

Why is current reduced by the addition
of resistances in a series circuit?
BECAUSE THE ELECTRONS HAVE MORE OBSTACLES
TO COLLIDE WITH BECAUSE IT ADDS TO THE
NUMBER OF THINGS THE ELECTRONS BUMP
INT=7"--

A-4

182.

The circuit which provides more separate
paths for electrons is the PARATXKL
circuit. The one which crowds the elec-
trons into one path is the SERIES circuit.

1143---;"""7

resistances con- resistances con-
nected in series nected in parallel

183.

The series connection of a pair of resis-
tances leads to MORE *7:ollisions than the
parallel connection. Current is reduced
more by the SERIES connection.

ZrL

resistances con- resistances con-
nected in series nected in parallel

(Count the Number of Collisions)

184.

Why do fewer collisions occur in the
parallel circuit? IT PROVIDES MORE PATHS
Ft R THE ELECTRONS (r".TRONS ARE LESS
CROWDED).

2OL

resistances con- resistances con-
nected in series nected in parallel



Name

ScLool

- test

Date

1. Any single force may be one of two 'basic:- e . The two types are:

1.

2.

11.1.......ININIII.

2. In order to describe a force fully, two facts are necessary.- They are:

1
2.

.11....comillNammesoa0111.0..s.fliabil!limIllaN111.1011Millm.alm.omonollim., 0141,

. .3. What can we say about gravity when we know that a suitcase weighs 37 313s

ior

1111bilMIKIEW

1. SubPose yOu Tketti"6,sked. o tiro (2 ) "derditite. oces ti diir -below Sikh
that the cart will stay exactly where it is. Neither force may be downward.
Diagram (draw in) a pair of such forces in the picture-and- be-sure---to--I-abel-
each one fully.

AWE

What term could be used to describe the forces?

5. What would happen t,o this basketball if some balanced force:, were applied, to itt _

0./.-IIMOMIeNMMINWMINEMP. 7M6411mInninMaleGerarmanalrrliMmNoll..o imileamliallloa=11mmo

A-5
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Force

6. This 20-lb. weight is resting on a stool. List each force that is acting
and describe each one fully.

0111.11119.11..1V

4110111111111MIINIMIna

P1111.01M1171111111111111111,111MOMMININS

Immommilmgawlmcr

raffAINIONININIONI

MINEMMAIMILIMMINIIPOWWWILMEIMMIMINIIIIIIN,11111111101[111

T. What technical term would be used to describe the forces which are acting aa:

a parked automobile?

an automobile starting to move?
ONIIMINH amolownetwaimilny's MINN

8. What physical feature (characteristic) of people is determined by the force of gravity?

Explain.
111111011101111111111111011.111111111MliaMPSIIIMIIIIIIMEWININW

10111101114 WAI N

Immintral imolPuseirsotowesYsatr,arriwc.

9. Describe, in words, what a pair of forces ,must be like in order .0 be called
balanced.

0011111M.1111111111 711ZawlIMINIM, 111M1011111011JMINNe=111.417111111111 101111110=11=0=111111=11M01

INNI1nrimilsIIIIIN011VA Arlie" OM IMINIMMUNIMINNImmOMMik HisvaVailmner-

10. Whwo effect do unbalanced forces have on resting objects?

111011111./NAVIMINIONSIIII

111111111411=1111110.1101Inmpm

ftesomillfteMIOWINOINUANIMO=WWIAmmulloPOOMMIMMOOMMWSWIMAIMONWOMMENIMMIM

A.

..1111111111.1.. .+amowl0NIIiigme



11. A rock is lying still on a wagon. indicate whether each of the following is
true or false by circling the proper letter.

T F The wagon is pushing up on the rock.

T F The rock is being acted upon by balanced fOrces.

T F The rno.k 3 Is being, an-63A on 'by equal uraA opposti-e% forces.

12. Draw a pair of unbalanced forces acting upon object A.

Draw a pair of balanced forces acting upon object B.

Be sure to label all the fotasSapileleLE.

13. EXplairl in terms of forces) what is meant by the sentence: "An object is held
up by the surface of the table."

l.===.. .10Inft.ESIMrmIN ,7,1E aNnwarr.O.nr,1111mG

AllimiliwIMIINNYVMIMII NNW.

1.111111111111111111.Y.1.1. 101.7.0 }MINIMMINEL77000..1711011

r... Dalle.111111111MtIMM% 4101.11M11=1111014.1170,111111=0.111..

=m1111"'Ir 411.1111111ImaimmlIln amieMISNInilf .01.10.1111

14. What would you do to find out the strength with which gravity acts on an object?

11111..011NremmIwammaNMIllreIN ...114710,

15. Describe this force fully.



Name

School

- test

Vammag...111=1ANNIIIINIMrole11Minal.r....,...111 111.101170.1.

wrimmorIrrammemonormirretaarnieveryoftwo

Atomic Structvre of Natter

Grade

Date

1 What is the nunber of different physical states in which matter is found?

2. How would a scientist (physicist or chemist) define the term "elementr

3.

AML-=11111=1ME

MILIWINV :7111111115=1.!11110111111t

eallINOINI1141011110VOIAISM,

A. List each physical state in which elements maybe Xound.

-11.01MlarlIg S

B. List each physical state in whim) non-oelextente Tay be. fad.

4. What is the approximate number of different natural atoms?,

5, Whaz does a scientist (physiciot) mean by the term, ."matterP

inlal11EMIV P01.111=011011=ANCk

aNIMINIMMIMPOIMIO voirmorwarrewircsisekm4w

6. What does the atomic number tell us about an element?

4.1...11.1=01.111.1=11.1MOIOCSAK.

011.WIRMU!..WIMMTIMMIMINIIMOMMIr110,1111-)W110Mrua._71y1Imassiolemmy

A-8



Atonic Structure of. Matter

7. Describe the difference between an element and a non-element.

/1E 41....
About how many different elements are found in nature?

9. Write a sentence which describes how the make-up of all matter is alike.

=10.Mill1111011111111,

10. Electrons are found in all atoms. In a sentence, describe what electrons do
in an atom,

61.0,=1mral 111MINIMO

41.111

11. Identify each of the numbered parts in the following diagram of the helium atom.
Write the correct word on the numbered lines below.

INN, MPG* II 16.30 an. 41 1111

1.

c.

3.

.rWmo.mmmnirm.rmaemmmmmmm...wmw..m....wwmuwWmommmr.wlOmmmWmqm.Mom.r...

=1... Nr
1. and 2., together, form the

A-9
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Atorde Iltruettire Or Matter

12. From its atom shown in question 11; what is the atomic number of helium?

13. Below are descriptions of the contents of three atomic nuclei. trite in the
atonic number of each one on the line provided.

Al. 10 protons
10 neutrons

B. 146 neutrons
92 protons

C: 6 neutrons
5 protons

14. Haw-is it possible to have thousands of different substances on earth when there
are so few different kinds of atoms?

=1111.0013

10/1111=1114010111111.1, VIIIMIE11=6.

MOMMWIWAIMIMIMPIAIWOr.

71.041.M............111011.11111.111111.01111.1:MO

15. The circle inside each of these two substances shows the greatly enlarged view'
from a very powerful microscope. In what way are the two substances alike?

In what way are they different?

AICM111=1111110111M

1.11MOBINCIIILTar"Mi

16. Without describing the separate parts of the atom, what would you say in answer
to the queation: Mutt is an atom?

osoN111111Mftw-.1.

17. Why is the number of natural atoms exactly the same as the number .of natural elements?

.awm.M.1/111

.11...1.111.711111140,RIMILANIM=4.1116.

A-3.0

im411ALir,i1IMIONM11111MMIWO.0.11M1111111MAIIIMMIIMMI,01116

21001111111.0111 1.1.11111,4101,..0711111.11W11.0.



Name

- Test

Grade

School Date

EL ECMIC.AL CIRCUITS TEST

A. Definitions

Briefly define each of the follovd.ng:

Voltage
1116111001111111111M1111111MIOMMONI

.111111111111.1.1MIP.M1...117 amilmaammolanCw

2. Electrical resistance

,avato

1./11.1101110111.411111111~11WM11111111ANOMP

4.11.MOIN.MIIINI.W...11141 MI111111111.

A.MWEIN4M.01 MINK 1.111001.001.11nambnIll

OINN..n.s100,.11111ME.IMMI..11=1.....nrammor

3. Free electrons

1111111416 121111M/1, /00rMminollan

11011.111116111011Y14111/11111

sImmlF...11

411/311/6111111X.Mla 111.1=1 I

4. Highly cLarged objects

V.MP...g...IIIIIMIIIIIO7VAIGJM.IMF,AVMWrbdMdVMAAWIPIMmmllmWMOI.rfw,US

011.1411MINNINI04.1.14.6

5. An open nircult

6.0111.0.80, -ARAM,

WaraM=11

AL Alialiall.11.41, mmilftablow

.mr......m.r............wwwwVmsw.... _..C
ammwr vsammeramma....,..,arow

...surralamm..r-

..1.1...---

6. A series circuit
egpAlmNownIlmarmannymilm.s Issabmwa

0

EINIONNIIII*ZIMENIKNMEM 1.11=11,

Wilea1.1001...1.10.011r,

A-11

ASIMMICing C4OPM5P,Iwk1110019!
,

-

4....11WhamilM1110.11gAMMWM1110011110MIm0

0
40.1.M.4010.1410111111



7. A parallel circuit

annownotaloommoo,

8. An electrical insulator

01111L.C.r.=11110111ora,

mffimerwalftnowN0.milmillnImemoommYeisse

mowwamommosvmmourrowvadmaraenymporamm11...m....11..1

9. An electrical conductor

11.awmorommeo Alsoweama.hortilmr

B. Short Answers

1. Explain the statement: "Voltage and resistance work against each other."

MilimwMMININIIIITiEMMann 10110111.1.11.

.11111101Imagrlimma

2. List the various effects that charged particles have on each other.

11111171.1.01111"20 IMMIMIMMIiNCiii. 11y,
3. What two things are necessary in order to get current flow from a battery?

MI../6 *Yana - 0.11Ii ANN. .- - - - --- ..M.Isma mial

* Aleo..0*

A-12
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4. In what direction does current flow from a battery?

What two forces; cause it to flow in that direction?

,.waMW a11 ww.meamrNo...* a.
rwmik...vv.10.11111111eNMIPMINIk

5. What happens to current in a series circuit when:

voltar ia increased?

resistance is increased?

the circuit is broken by
the opening of a switch?

+1Yega71/111.

6. Why do resistances connected in series reducescurrent flow more than resistances
connected in parallel?

.1:01111,

7. What mint a battery be like in order to create a high voltage?

..MENIMsowNagrarcaMEMIIIMINh

,11111110.11

8. Complete this chart. (Fill in the five empty spaces.)

quantity

-............

1 Voltage

Abbreviation a

A-13



9. What does an electric current consist of?

.-Ss 00.1nneymela.M11../.1116411.1.m110101111*

C. Labelling Circuit Diegrams

U.1.1-UUlleb.

.-
kv

11 ImIl

2. Label each numbered part of this circuit by writing the correct word in the
corretpondingbaank.

A-1.4

1. 1
2.

3. 1 03.
4.

immonwarrovanarew

5 1=1

6, fili011



L/.

1.

Jr :ou-Lelia)

Write in the correct type for each of these circuits on the blank line and
calculate the total current in each. Show all work in the boxes.

101

2.

circuit

Total Current =

tvemmeamosIOANG.

011.11...1111=11111...Mmill.WaleM

i2V

circuit

Total Current =





sup.Arenivirn PATI1TaiMg TpRnram
(sample frames)

3.

stable atom will become unstable if its
1CLEUS is bombarded by A HIGH SPEED
'AST-M1A LNG PARTICLE .

higt speed particle

cw can a stable atom be made unstable?

HIM= IT'S NUCLEUS WITH A HIGH-
ZED PARTICLE.

1 *

ergy can be converted into mass. When
nucleus absorbs a high-speed particle,
converts the ener y of the particle
to more MASS.

less mass than B B. more mass than A

OD unstable
stable atom
atom

en a fast moving proton is taken into
a nucleus, energy is converted into MASS.
as, there would be mort. mass in part B.

6

82.

When a high-energy proton is taken into
the nucleus of an atom, the atom weighs
more than the sum of its original mass
and the mass of the proton. This is be-
cause some of the proton's energy is
CONVERTED INTO MASS.

83.

When a fast moving subatomic particle is
taken into a nucleus, mass is pined be-
cause saw, OF ITS ENERGY IS CONVERTED TO
MASS. But, when a subatomic particle is
emitted from a nucleus during radioactive
decay, mass is lost because IT IS CONVERTED
EUTO ENERGY.

84.

The conversion of mass into energy is
shown in B. The conversion of energy
into mass is shown in A.

stable unstable'

.1

decay

ES

85.

In terms of mass and energy describe what
happens In the e;.amples.

1. An unstable atom emits subatomic par-
ticles. MASS Ir CONVERTED TO ENERGY.

2. A stable atom absorbs a subatomic par-
ticle into its nucleus. ENERGY IS
CONVERTED TO MASS.

3. A subatomic particle and its twin an-
tiparticle come together. MASS IS
CONVERTED TO ENERGY.

Subjects were required to make constructed responses for all frames. The sample
frames reproduced here are those which were presented to them as confirmation frames
after they had made their own responses. The correct constructed responses appear
in capital letters.

A-17



SUBATOMIC PARTICLES II PROGRAM
(sample frames)

Atonic nuclei are difficult to split apart
because their protons and neutrons are held
TOGETHER by the STRONG FORCE.

12.

Name the
affected
how they
ARE HELD

13.

Gravity is the weakest force in nature and
the strong force is the STRONGEST force
in nature.

particles in the atom which are
by the strong force and describe
are affected. PROTONS. AND NEUTRONS
TOGETHER IN THE NUCLEUS.

...SM.IIII1111NIMIIIAIMINM1111111170110001MMINIAIN.....

14.

The force of gravity acts over millions
of miles to hold the moon in a path
around the Earth. The moon doesn't go
flying into space because it is held by
GRAVITY, which is a LONGRANGE force.

15.

The force of gravity acts over a LONG
range.

moon held by gravity

The strong force, which is effective
only within the tiny nucleus of an atom,
acts over a SHORT range

16.

Two subatomic particles, one on the moon
and one on the Earth, are pulled together
(very weakly) by the force of gravity,
because it acts over a LONG-RLNGE. They
are not pulled together by the strong force
because it acts over a SHORT-RANGE.

17.

Gravity seta on the particles in A and
on the particles in B. But the strong
force acts only on the particles in B.

A B

18.

Gravity and the strong force differ in
both strength and range. Gravity is a
much WEAKER force, but it acts over a
IALIG(D--RANGE.

'A-18

19.

Write GRAVITY or STRONG FORCE beside
each description.
GRAVITY

STRONG FORCE

STRONG FORCE

GRAVITY_

20.

The force that acts weakly
but over a long-range.
The force that holds pro-
tons and neutrons in the
nucleus of each atom.
The force that acts strong-
ly but over a -short range.
The force that holds a
man -made satellite in orbit
around the Earth.

The differences between gravity and the
strong force are:
1. GRAVITY IS THE WEAKEST FORCE, STRONG

FORCE IS THE STRONGEST.
2. GRAVITY ACTS OVER A LONG RANGE, STRONG

FORCE OVER A SHORT RANGE.

NF-,r-"-"'""en.....r...."MOIMIrera1.1



RELATIVITY PROGRAM
(sample frames)

22.

Relative to the ground, the car's speed
is 50 mph. The speed of the driver's
body, relative to the ground, is also
50 mph.

SO ,

23.

The speed of this driver's body, relative
to the road, is 4o mph. Suppose we take
the car as the frame of reference. Is the
speed of his body the same relative to the
car as it is relative to the ground? NO.

24.

This driver's body is moving at a speed --
relative to the road -- of 25 mph. But,

the speed of his body -- relative to the
car -- is OZUSR(1)mpb.

ZS MPH

A -19

25.

The speed of this man is 0 mph cr 4O mph,
depending upon the frame of reference used
There are 2 different frames of reference
here: (1) the CAR(ROAD), and (2) the
ROAD(CAR) .

26.

The speed of this man's body is "relative."
In other words, it CHANGES from one FRAM
OF PIEFERKNCE to another.

27.

When physicists say that the speed of
objects is "relative," they mean that
IT VARIES FRCM OM FRAME OF REFERENCE
TO ANOTHER.



IIRTArPTVT9ly rRnaRAM

( sample frames)

149.

This man looked at the front of the train,
paused one minute, then looked at the back.
The distance he found was not the length
of the train. His measurement was wrong
because he did not observe both ends AT
TAM SAME TIME SIMUDTAITEOUSLK1.

'ANN
Cite:MANI.

17,pm%

gym.
twtromr-Aaratamaiip

1500

irrmt must an observer do to accurately
asure the length of an object? HE MUST

OBWRVE BOTH EtIDS SMULTANEOUSLY AND FIND
1512 DISTANCE BETWEEN THEM.

Nos ism
-0......0.14.011,111111111:1111i.

--DISTANCE'")
F0440

?APO

151.

Because obzervers in different frames of
reference DISAGREE about simultaneity,
they will. DISAGREE about the length of
objects.

A-20

152.

These men will agree perfectly about the
length of the train so long as the frame
of reference IS THE SAME for both.

A

(r111404

STVP141))

153.

Man B measures the train as being divIrter
than 20 ft. Man A measures exactly 20 ft.
Just as the men disagree about the timing
of events, they al .0 DISAMEE about the
LENGTH of the train.

154.

The'reason that observers in different
frames of reference disagree about.

measuring length, or distance, is that
they can't agree on SlKULTAWEITX, When
one observer says the ends were observed
simultaneously, the other will say that
THEY ME NOT OBSERVED SIMULTANEOUSLY
THAT ONE END WAS OBSERVED BEFORE AF al

THE OTHER

r- r"'"'"'"sr"""'","?

1



NAME

EICTOOL

test

mtaamml. 1 4,1116!

....=7=1110.117

Elementary Particles I - Test

GRADE

DATE

1. Describe the two states in which subatomic particles may be found.

2. List the three sources of subatomic particles.

....=111M047 ...COMMIN1111.1GT

3. Explain how physicists can study aubatomic particles even though they can-

not be seen even with a microscope.

4. Label the numbered parts of the atom.

SIM Ce =NM Pun. M. ONO al. (Mb .p.

1 4nm. 1.4=41!.... .....1......11117911111

2.

3.

1. and 2., together, form the



5. What is the approximate number of subatomic particles (including anti-

particles) which have been found? 1.41.1.1.12.1111.

6. Why is it difficult to observe antiparicles here on Earth?

7. Nhat is meant by radioactive decay? Describe the process.

comoumrmmonwommonar.....melmw

8. What does the physicist mean by the term "annihilation"? Describe the

process.

9. List two examples in which mass is, converted to energy.

`1111=111=iii,

2t4 Describe one process in which energy is converted to :bass.

A-22



11. Whiz+. isz an ntekalslel p+rim?

=0MNI

32. Row can a stable fktom be madel unstable?

malorKa2MIO.

13. Is it possible for c. particle to meet an antiparticle without annihilation?

011110m11110111011

Explain.

114.. Explain the relationship between atoms and subs is particles.

eill11111.111-

,,

A*23



NAM

SCHOOL

test

lIMMINK.11111

Elementalyy Particles II .- Test

Part I

DATE

1. List the four natural forces in order of their stren (Number 1

would be the weakest, number 4 strongest.)

1.

2.

3.

MEIIMIIIMMI11M

MINIMMENia,,

042.11Ila

-41711111aelmm1.1.1180VINIIree11.

41.eaammonpm

2. (A) The two short-range forces are:

and
4111111111

(B) The two long-range forces are:

and

.112111.4.

MimMIMENKINNIMINNINIIIMNIMINIIIMIN.1.111,1111111111111110

ANINIIIIMIL-mlIlmilmmgWar.VVROM

3. A. label the charge on each of the following:

1. proton

2. neutron

3. electron

4. a hydrogen
atom

111111111MIONIIIIIIMIIIIMMOMMIMIIMINNOCINIMI=IIMMINP

A-24

weakest

1
strongest

4. anti-neutron ®

5. anti-proton

6. anti-electron

7. an uranium
atom



3. B. Listed below are three elementary particles, titter charges, and their

antiparticles. Complete the chart by filling in the charge on each

antiparticle.

PARTIC11". CHARGE I ANTIPARTICLE CiARGE

1. muon A anti-muon V

neutrino W
/P1

0
anti-neutrino 'V

4G11 + 1.1 Fanti- iok.....1...1 I

4. Besides having a different strength and range, how else is the electro-

magnetic force different from the strong force and the force of gravity?

el..1.~-. 1. 111 al

waramams

A-25

___adosawk.7

1............±.............

010111.01.111010



NAM IIIMNIN016/

SCHOOL alMINI1114111

Elementary Particles II - Test

Part II

GRADE

DATE

1. What pre the two rules which describe the charge- state. of anti- particles?

A.
NIMPO.MallmmiNMIIMINNIMOIMINEnnime.m

B.

Give one example of an effect which is caused by each of these forces.
(an example of something that each force does)

A. Electromagnetic force -

110MMAIIINIM

MIN11111111100111IMININI 11111111C =emag

B. Strong force -

.7t117121.11.=MININEOMENImIM

C. Weak force -

D. Gravity -

112.111101111111MO.

IIMMIIIIMI46111.11=mr.

3. Summarize briefly the attracting and repelling effects that charged par-

tidies have on each other.

A -26



Test

11111WIMMrIKVAMINIMOSOIMENIMMMIIMM111...14111. IP.1111111.611.71.Masem....1011..11100

RELATIVITY TEST

Date

Grade
111111MIINDINNINMEN.

1. This man is traveling toward the light source at 100,000 miles/second.

The light is traveling toward him at 186/000 miIes/secOnl.

The measured speed of the light will be:

A. According to Classical Physics,

B. According to Relativity Theory,

C. According to actual experiment,

4..11V4MIVOIIM416

11144410IMNIMMIM4M114lalk0144

1MM

miles/second;

miles/second;

miles/second.

2. Explain what is meant by the statement "Time is relative."

emilowswa

somr
1161.1118WOMMININIM11101001111111111MMENIIIIIMIIIMMLOP

111111111111.11

..1141441

IMIIMMOMMINI

monnownummommiew

3. Why would it be impossible to measure the speed of a ship from inside the

ship (with no access to the outside)?

OM.11lIWI 4.1!210MINIMINERVIIIMINNIMM
4

-...ssm...NOINUMIIIMINI=== .malmm.011.1.:11.1111.161.111111MEM.11IMMENUAIMMI

4. What is a "frame of reference"?

41,M41,==1041410444414.1MAIMMomem4.4.141.44844

,1444.4.414.144 41441111M.40,444W.

+11041111111.1....111.1111111101111.1.

fmNIMIMMIO44MIN=MENNI44.-.411D

44=4Noromommommanittonsismo

...111111.11MMOMMIMIWIONNONNEMININAWIIMIIMMO

A-27



E.NYWNEWNWIE WYNNE/WNW.

5. To what kinds of frames of reference does the Special Theory of Relativity

apply?

6. Why is it that the effects predicted by the Theory of Relativity were not

noticed much earlier; for example from everyday observation of moving

Objects?

WIIIMMIII,11110111

7. Under what conditions would an observer, located an equal distance between

two events, conclude that they were simultaneous?

-=NIIWNYIEW.WEIONIENNIWNIEWINNIWEN WEYNYENiEwlYNYEmo

NEINIEND

8. (A) Under what conditions will two observers agree on the simultaneity

of everite, and the length of objects?

NYWNEINNEYWNENEWENENNENY

(B) Under what conditions will they disnree?

....m.s.11M.1111.1111111,=.11..11111.1.11 1.1,111111111101 NNW

(c) What determines the extent to which they disagree? That is, what

must happen for their disagreement -toy be even greater?

IMO WYINENNEWNYWEIN.,..1WWWWWWINNEYINNEENNEENNENyWY. NyEamomyN,

ANNEWIWWWW INWINEWNINENNINIMW VININEWNWYEINE

EEWENNYMMINEZIN ACENWININE

ANE111MINIEIW

9. Under-what _conditions do we conclude that two observers are in the same

frame of reference with respect to motion?

--1....011Mar. WWINIENWWWWYW.W.WWWIENYEW WYEENNEW

NEENENNIENWENENIONEr NERWONEWINI

ANNEYNNINENMENINEYME

A-28



10. Describe what an observer must do to accurately measure the length of a

moving object.

or,

111.0111MIIIMID

t5
Observer A, standing exactly in the middle of the train, concludes that

the bolts of lightning struck simultaneously. Observer B is standing on

the ground directly across from A. How would B (on the ground) describe

the timing of the bolts?

Would. A have come to the same conclusion about the timing of the

thunder clap? Explain.

If B had seen them strike simultaneoubly, how would A (on the train)

describe the timing of the bolts?

According to Einstein, which man is correct? Explain.



12.

-1.1.1+14-A-1116611....1iimilomm

100,000 MPH

The spaceships are moving apart at 100,000 mph. Both ships were measured

as equally long when on Earth, and both clocks were synchronized. A

compares his own clock with B's clock. What does he (A) observe about

B's clock?

What does A observe about the length of B's ship?

What does B observe about A's clock?

what does B observe about the length of A's ship?

13. Fill in the T.rords vhich correctly describe how the two theories differ

with respect to each of the physical dimensions.

Ditnensionf Classical Physics

....a.22E2L2E2.1oht

time

ARO

The Special Theory of.
Relativit,

distance len

14. List the two basic assumptions on which the Theory of Relativity is based.

2.
.r.MMIMIII/M11=aNIMMOM,

A-30

-7,pm-777



15

0

The observer on the ground (B) finds the length of the car 6.nd comes up

with a slightly shorter measurement from the man on the train. Haw would

the man on the train (A) explain the fact that B's measurement was too

short?

.71110112i110i.

9

A-31
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Table 1 -B

Elunearies of Analysis or vsriAnns
IQ, Work Rate (on prelininary 'programs) and

Ilectrical Circuits Pretest Scores: Grade 6
(ff 26)

IQ

(AUuics and
ram Pregeput)

.4
Moan

Source D.P. D sores

Milo
Setiing
IQ
14 x 2
x x z
a x r
14x3x7:
Within Poplicatas

Mode
Sett via.g
IQ

x S
x
x Z

Mz8x2;
Within Replicates

V

a .06
1 3.06
1 23370.77
1 9.77
1 16.00
1 .o6
1 :7-50

2148 5T.25.. Iamb IN

1 102.52 -t 922.64 .1.46
1 173&.02 27.59**
1
1 8051 1.28
1 1133.69 1.77
1 70.716 1.12

248 630.ko

BROW
zusaarar,moos

01.41.1.10=1111U4MINIIII.0011..

Nods
Setting
IQ
m.x s
u x z
s x i
IfxSzI
Within Replicates

a

1
1
1
1
1
1

248

,
1630.1k

8.27
k.00

.25
1.26

k3.20

37.73**

1=11. NIllabiNIMMErNOMMIce ANY, AIIMEND

significant beyond the .01 level

B-1



Table 2-B

Stzsmery Means 'and Bp's
Sixth Grads IQ Scores

(II

Levels of Independent
Variables

self-paced
fixed-paced

isolated

is2v

YAM 8.D.
10.26 u.89
108.23 12.44

103.35 12.25
108.13 12.08

117.80

98.69
7.78
7.17

Sign.

LB.

B.B.

(.01

amble 3-3

swim" Means and Bios of Sixth Grade MK RAIIIS
(measured by time to complete Atomics and ll'orce program')

..(N a 256)

Levels of Independent
Variables S.D.

Bi
Level

liDDS

SEVILIG

selt-peced
fixed-paced

isolated
grcup

bisb
liar

139.83

138956
1112.36

132.22

148.70

23.51
27.31

26.17
26.56

21.80
28.02

LB.

1.11.

C.01

Table 4-B
Summary Means and SD's of

Electrical Circuits PRZ2E92 Scores: Grade 6
(N a 256)

Levels of Independent
Variables Pe--aa

8.48

7.63

7.82
8.29

10.58

5.53

S.D.

11{4

Sign.
Level

MOD3

SW=

IQ

self-paced
fixed -paced

isolated
group

high
lov

6.99
6.97

7.16
6.81.

7.57
5e6

N.S.

LB.

4.01

B-2



Table 5-B

Hunapin REI3REf3SION ANALYSIS

Criterion Variable: Time to Complete Electrical Circuits Program
Predictor Variables: Total Pretest (on preliminary programs),

Work Rate, and Electrical Circuits Pretest
(Eased on Self- Paced, Isolated Ss: Grade 6)

Intercorrelations

Time Electrical
Electrical Total Work Circuits

Circuits Pretest Rate Pretest
X, el II lif

VICK1114 .1.71 SIerr ommairea

Tina Electrical y
Circuits 13.

Total Pretest 12

Work Rate
X3

Electrical y
Circuits Pretest

433 .675 -.301

-.368

135.62

32.31

138.35

7.56

26.00

10.38

26.62

6.36

55

55

55

55

Total Pretest

mark Rate

Electrical
Circuits Pretest 74

73

Analysisallefecsion

lk

.191 .033 .006 R2 1.234 .485

.635 .675 .429
R 1.234 .697

a 1.234 is 19.368
-.168 -.301 .051

Table 6-B

=mew BEGREssti ANALYSIS

Criterion Variable: Errors Electrical Circuits
Predictor Variables: 14, Total Poettest (on preliminary premiss),

Work Rate, and Electrical Circuits Pretest

(Based on Sett- Paced, Isolated Ss: Grade 6)

terrors Electrical y

Circuits

Total Posttest

Work Rate

Electrical
Circuits Pretest

12

X3

X4

X2

Tbtal Posttest X3

Work Rate X4

Electrical
Circuits Pretest X5

Intercorrelations
Electrical

Work -Circuits
Rate Pretest

is.

+10010111

mean S.D. N

Errors
Electrical
Circuits 14

X2Xi'

Total
Posttest

x3a
-.651 -.735 -.050

.707 -.361

-.162

-.335

.369

.431

-.360

120.89 73.20

303.38 11.52 55

114.66 50.80 55

138.35 26.52 55

7.56 6.36 55'

Rs Azalea

Pik.
rik puns,.

-.399 -.651 .260
R2 1.2345 - .638

-.458 -.735 .337 R 12345 .799

-.306 -.050 .015 a 1.2345 n 45.725

-.343 -335 .035

11.......11110114.

3



Table 7-B

MULTTILD REGRESSION ANALYSIS

Criterion Variable: 3314,-ntrical Circuito Posttest

Predictor Variables: IQ ead Total. Posttesr(c7a7rreilminary programs)

(Baead on Self-Paced, Isolated Ss: Grade 6)

Intercorrelations

lleetriail
Csorcuits

Posttest IQ
xl

Total
Posttest

Mean S.D. N

nactrical
Circuits Porttet Xl.

IQ
X2

Total Posttest

.726 .781

.707

54.66

108.38

114.66

25.65

11.52

50.80

55

55

55

IQ

Total Posttest
12

L.
3

Pik

347

.536

Eurasian Analysis
turn R2 1.23 - .410

R 1.23 - .819

o 1.23 - 15.153

rik

.726

.183.

.253.

.419

Table 8-B
MUIZZIPLE REGRESSION,ANWISIS

Criterion Variable: nectrical Circuits Retention
Predictor VarieXes: IQ, Corrected Reading Speed, Uncorrected Reading

Speed, Total Pretest, Total Posttest, Total
Errors, and Work Rate

(Based on Self-Paced, Isolated Se: Grade 6)

Electrical
Circuits Retirition
IQ

Corrected
Readine Speed

'47ccarrected

heading Speed

Sbtal Pretest

Tota3 Puatteet

Total Errors

Work Rate

Intercorrelat.4.ons

Moor.
Read. Total Total Total
Speed Pretest Posttest Errors

14 XI

.714 .465 .515 .639 .677 -.483

Electrica3. Corr.
Circuits Read.

Retention XQ Speed

12

xl

12

13

14

16

18

x2
Corrected
Reading Speed 13
Uncorrected
Reading Speed
Sbtal Pretest

Total Posttest
Tota3. Errors

Work Rate

a

708 .748 .492 .707 -.542

.968 .370 .666 -.482

.385 .654 -.481

.513 -.382

-.Y38

egress on s s

rik parik

.467 .714 .333
-.as

x4 .569

15 .308
x6 .368

1. .225

.3.81

.465

.515

.639

.677

-.483

-A080

-.300

.293

.197

.249

-.060

-.014

Work
Rate

Mean

-.080 27.40

-.361 108.38

-.382 16.93

-.428 17.67

-.111
-.162
-414

12.31
a4.66
66.09

138.35

S.D. N

19.52 55

11.32 55

6.145 55

6.o 55

10.38 55

50.a0 155

48.83 55

26.62 55

B2 1.2345678 . .698

1.2345678 es .835

0 14345678 11.606

B-4
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Table 9-B

mans mammon ANAINSIS

Criterion Variable: Time to Complete Electrical Circuits Program
Predictor Variables: Corrected Reading Speed, Uncorrectad Reading Speed,

Work Rate, and Electrical Circuits Pietest

(Based on Ss lf-Paced, Orouped Ss: Grade 6)

Time Electrical
Circuits

Corrected
Reading Speed X2
Uncorrected
Reading Berl x3

Work Rate
X4

nectrical. y
Circuits Pretest *"5

Corrected
Reatiing Speed

Uncorrected
Reading Speed

line
Electrical
Circuits

Xi

!ntercorrelations

Corrected Uncorrected
Reading Reading
Speed Speed

X2

-.263 -.2C2

.964

Electrical
Work Circuite
liefrio Pretest

74

.588 .012

.465

-.346 .434
ft On

Regression s
rik

X2
.521 -.263

x3
-.645 -.282

Work Rate x4 .598
Electrical. .158 .032
Circuits Pretest X5

IMINLyMMIMOMm.7.1.

pikrik

-.237

.182

.588 .352

.002

.111111111.

3.4x.3.4 25.o3.

9.07 7.14 74

Mean S.D.

1144.16 20.59 75

18.30 6.24 74

18.72 5.97 714

R2 1.2345 is .399
R 1.2345'=. .632

0 1.2345 = 16.623

Moms...1En

Table 3.0-B

MUT/IVIE REGRESSION ANALYSIS

Criterion Variable: Errors Electrical Circuits
Predictor Variables: A, Total L-rors, Work Rate, and Electrical

Circuits Pretest

(Based or Self-Paced, Grouped ra: Grade 6)

iMMIMMLIMIIMMIM

Errors Electrical.
X11.

IQ

Total Errors

Work Rate

Electrical.

...(114:214.-te..Preteet

IQ

Total Errors

Work Rate

Electrical
Circuits pretest

X2

7.3

X4

intercorrelations

Errors Electrical
Electrical Total Work Circuits
Circuits IQ Errors Rate Pretest

X1 X2 x3

-.567 .717 .104 _.428

-.378 -.267 . .420

-.173 -.307

ReSression Analysis
Oak rlk

-.259 -.567

.605 ,717

.119 .3.a4

-.311 -.428

B-5

pikrik

.147

.434

.012

.048

Mean S.D. N

100.31 66.96 75

108.73 11.69 75

53.78 37.73 67

141.14 25.03 64

9.07 7.14 74

R2 1.2345 = .641

1.2345 = .801

a 1.2345 n 41.795

AMIMMMIIMM.M.M10



Tables 11B

2.10IMIE RUMENS= ANALYSIS

Criterion Variable: Electrical Circuits Posttest

Predictor Variables: Corrected Reading Speed, Total Posttest,
Total Errors, and Work Rate

(Based on Self-Paced, Grouped Ss: Grade 6)

Electrical
Circuity Posttest Xi
Corrected
Reading Speed X2

Total Posttest X3

Total Errors

Total Time

Corrected
Reading Speed

Total Posttest

Total Errors

Total Time

7.4

Electrical
ft4.posaitta

Posttest

X1

Intercorrele.tione

Corrected
RommAtno

Speed Posttest

x3

.655 .818

.634

Terkal

Errors Time

14 mean S.D. N

-.397 -.333 55.19 28.27 75

-.319 -.393 18.30 6.24 74

-.406 -,217 118.01 48.81 68

-.173 53.78 37.73 67

141.14 25.03 64

x2

X3

X4

Emsssion Assanls

81k r

1.50

.643

XS _0155

.655

.818

-.397

-.333 .052

Plirlk

.098

.526

.046

R2 1.2345 = .722

R 1.2345 = .650

0 1.2345 = 15.527

.111171.1rw

TA'ele 12.B

MULTIPLE REMESSIIIN ANALYSIS

Criterion Variable: ELsctrical Circuits Retention
Predictor Variables: Total retest, Total Posttest, Total Errors

Electrical Circuits Pretest

(Based__ m Self-Paced, Grouped Ss: tirade 6)CMI,

Electrical
Circuits Retention X1

Total Preto it

Total Posttest

Total Errors

Electrical
Circuits Pretest

X2

X3

Electrical
Circuits

Retention
Xl

intercorrelations

Total Total
Pretest Posttest

X2

.567 .723

.424

1I

Electrical
Total Circuits
Errors Pretest

-.440 .595

-.290 .640

-,406 .557

-.307

Regression Asa.lais

Elk
pikrik

Total Pretest
X2

.237 .567

Total Posttest X3 .501 .723

Total Errors
X14

-.130 -.440

Circuits Pretest
.125 .595

XS arialmIi0.101040.1.001rOW

Electrical.

B-6

.134

.362

.057

.074

Mean S.D. N

31,96 21.67 75

15.07 13.08 74

118.02 48.81 68

53.78 37.73 67

9.07 7.1k

R
2

1.2345 - .628

R 1.2345 * .792

a 1.2345 . 13.771



Table 13-B

Summaries of Analysis of Variance of
IQ, Work Bate (on preliminary programs) and

Relativity Pretest Scores: &rade 12
(N - 176)

Mean
Source D.F. Squares

Mode 1 .77
Setting 1 .22
IQ 1 18063.07

IQ M x S 1 4.06
M x r 1 2.94
s x It 1 .24
mxsxr 1 17.21
Within Replicates 168 35.20

Mode 1 83.19
wax BASS

Setting
IQ

1
1

33.71
9765.47

M x S 1 535.50
(Particles I M. x I 1 .06

and II Programs) S x I 1 15.94
Mx8xI 1 692.06
Within Replicates 168 169.46

Mode ,..,1 250.57
Setting 1 .36
IQ . 3. 927.36

RELATPRETESTIVIT!
m x s
M x 1

1
1

61.46
71.27

S x 1 3. 24.75
mxsxr 1 127.84
Within Replicates 168 63.49

-

57.6341*
3.16

Tho8*

3.66

13:54**

1.04

. 1.87

significant beyond the .05 level
**

significant beyond the .01 level

B-7
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Table 3.4-B

Sumary HOMO and SD's of
T.felfttt Grade tq Scores

v.%1

Levels of Independent
Variables Mean S.D.

Sign.

Level

MODE

SETTING

self-paced

fixed-paced

isolated

group

high

low

112.23

112.10

112.14

112.19

322.30

102.03

11.56

11.93

11.55
11.94

5.08
6.51

N.S.

4.01

Table 15-B

Su=ary Means and SD's of 7.relfth Grade WORK BATES
(measured by time to complete Particles I and II Programs)

( N s 176)

MODE

IQ

INX

Levels of Independent
Variables Mean S.D.

Sign.
level

self-paced 94.39

fixed-paced 93.01

isolated 93.26

pore 94.14

111. 86.25

log 101.15

15.63
14.49

13.45

16.55

22.13
13.99

N. S.

N. S.

4..01

11111111=11MINMIIMII

Table 16-B

Satum!u7 Means and SD's of
Re7ativity Plel'EST Scores: Grade 12

N =176)

Levels of Independent
Variables Mean S.D.

Sign.

Level

MODE

=Trio

IQ

self-paecd
fixed-paced

isolated

group

hig):t

low

9.50

11.89

10.74
10.65

12.99
8.40

7.31

9.63

7.69
9.49

9.86
6.42

N.S.

N.S.

401

B-8
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Table 17-B

WIMPLE REGRESSION ANALYSIS

Criteriou Variable: Time to Complete Relativity Program
Predictor Variables: IQ, Corrected Reading Speed, Urclorrected Rending

'Speed, Tote:. Posttest Score, (on preliminary
programs), and Work Rate

(Based on Self-Pac04 Isolated Ss: Grade 12)

Intercorrelations

Corrected Uncorrected
Time Reading Reading Total Work

Relativity IQ Screed Speed Posttest Rate
.

i
X2 ____t--- X4 -5--. X6

.

Time Relativity Xi -.438 -.625 -.635 -.436 .633

IQ X2 .426 .396 .654 -.571
Corrected
Reading Speed

x3
-99'f .318 -.702

Uncorrected
Reading Speed

x4
.303 -.693

Total Posttest X-
7 -.442

Work Rate X6

D2

Corrected
Reading Speed
Uncorrected
Reading Speed

Mean S.D. N

86.31 18.83 52

111.17 11.43 52

39.44 10.49 52

39.71 10.57 52

177.33 23.63 co
.-

91.23 14.60 52

Regression Analysis

Olk lk
r

01krlk

X2 -.236 -.483 .114

X3 3.713 -.625 -2.321

X4 -4.029 -,635 2.558

Total
7

-.131 -.436 .057
otal Posttest X-

Work Rate X6 .254 .633 .161

R
2

1.23456 = .570

R 1.23456 = .755

a 1.23456 - 13.122

Table 18-B

MULTIPLE REGRESSION ANALYSIS

Criterion Variable: Errors Relativity Program
Pre44c4-r Vhris:bles: IQ, Total Posttest, Total Errors (on preliminary

programs), and Work Rate

(Based on Self-Paled, Isolated Ss: Grade 12)

Errors Relativity Xi

X2

Total Posttest X1

Total Errors

Work Rate
X5

Intercorrelations

Total
Errors
X4

Work
Rate

Mean S.D. N

52

52

52

52

52

Errors
Relativity IQ

X, X2

Total
Posttest

-.668 -.632

.654

.559

-.518

-.722

.505

-.571

-.442

.405

6u.62

111.17

177.33

17.81

91.n

32.47

11.43

23.63

19.36

14.60

IQ
32

T X3Posttest X_

Ibtal Errors X4

Work Rate Xi

_Regression

Elk rtic
PlZlk

-.364' -.668 .243

R2 1.2345 = .540
-.223 -.632 .141

R 1.2345 0735

.157 .550 .088 u 1.2345 - 23.168

.135 .505 .o68
ArmaJOINIIIIIMINYMIN.0111M.110

B-9



Table 19-B

1411LTIPLE REGRESSION ANALYSIS

Criterion Variable: Relativity Posttest
Predictor Variables: 1-Q, Total Pretest, Total Posttest, Total

Errors, and Work Rate

i.Based on Self-Paced, Isolated Ss: Grade 32)

Intercorrelations

Posttest
Relativity

IQ

Total Pretest

Total Posttest

Total Errors

Work Rate

Posttest

Relativity
Xi

IQ
X2

.730

Pretest
X3

M11
A.WW6i

Posttest

I'

AVUOi
Errors

a-
It VLA

hate

X6 Mean S.D. N

52

52

52

52

52

52

X1

X2

X.
5

x.-4
X--,
x6

.417

.581

.676

.654

.595

-.386

-.518

-.519

-.712

-.537

-.571

-.489.

-.442

.405

76.77

111.17

39.19

177.33

17.81

91.23

18.98

11.43

16.25

23.63

19.36

14.60

lissression Analysis

IQ

Total Pretest

Total Posttest

Total Errors

Work Rate

12

13

X.
--4

X5

16

Olk rik

.730

.417

.676

...n.-..300

-.537

hkrik.

2

R

a

1.23456 .664

1.23456 .815

1.23456 a 11.698

.478

-.154

.546

.252

-.199

.349

-.063

- .369

--OFF

.107
=1111,

Table 20-B

MULTIPIE REGRESSION ANAIXSIS

Criterion Variable: Relativity Retention
Predictor Variables: IQ, Total Posttest, Total Errors

(Based on Self-Paced., Isolated Ss: Grade 12)1.1111.11N
Intercorrelations

Retention Total. Total
Relativity IQ Posttest Errors

X1 X2 13 3c4 Mean S.D. N

Retention
Relativity /1

.708 .585 -.377

IQ
12

.654 -.518

Total Postest X3 -.772

Total Errors X4

61.65 21.81 52

111.17 11.43 52

177.33 23.63 52

17.81 19.36 52

Ruxession Ana ly.2113

lk
rik

Tr%W% 12
.582 .7o8

T-otal Posttest X3 .304 .585

Total Errors x4 .141 -.377

B-10

ikrik

.412

.178

-.053
AlimmEma.,111101,0111=g11

R` 1.234 .537

It 1.234 = 734

a 1.234 N. 15.452



able 21-B

MULTIPLE REGRESSION ANALYSIS

Criterion Variable: Time to Complete Relativity Pregmt
Predictor Variables: IQ, Corrected Reading Speed, Uncorrected Reading

Speed, Total Postt,ot, Total Errors, and Work Rate
(Based on Self- Paced, Grouped Ss: Gfadn-12)-Mc

Intercorrelations
Corrected Uncorrected

Time Reading Reading Total Total Work
Relativity IQ Speed Speed Posttest Errors Rate

X] x2 x4 X X6 a. Mean S.D, N
Time Relativity X1 -.553 -.362 -.353 -.275 .467 .805 94.33 16,24 51

IQ X2 .520 .520 .664 -.687 -.534 112.41 10 .72 51

Corrected
Reading Speed

x3 999 .335 -.427 -.428 37.20. 9.42 50

Uncorrected
Reading Speed

x4 .335 -,423 -.427 37.38 9.30 50

Total Posttest X,
2

-.737 -.340 176.32 25.01 47

Total Errors 7,
o .402 19.55 22.21 47

Work Rate x7 95.86 15.32 51

'IQ X2

Corrected
Reading Speed

x3

Uncorrected
heading Speed

Total Posttest x5

Total Errors X
6

Work Rate
X7

EtpesstmAmalyla

Olk. rlk 01krlk

-.227 -.553 .126

-2.577 -.362 .933

2.653 -.353 -.937

.275 -.275 -.076

.25.1 .467 .117

.705 .805 .568

R2 1.234567 = .729

R 1.234567 = .854

o 1.234567 = 9.058

Table 22-B

MULTIPLE REGRESSION ANALYSIS

Criterion Variable: Errors Relativity
predictor Variables: .11,37-Wrrected Reading Speed, Uncorrected Reading

Speed, Total Posttest, Total Errors, and Work Rate
(Based on Self-Paced, Grouped Ss: Grade 12) .

Intercorrelations
Corrected Uncorrected

Alia-=1.1160

Errors Reading Reading Total Total Work
Relativity IQ, Speed Speed Posttest Errors Rate

X1 Xi x3 : X4 X5
x6

Mean S.D. N
Errors Relativity Xj.

IQ X2

Corrected
Reading Speed 3
Uncorrected
Reading Speed

x4

Total Posttest X5

Total Errors X6

Work Rate
x7

-.703 -.469

.520

-.475

.520

999

-.788

.664

335

335

.779 .255

-.687 -.534

-.427 -.428

-.423 -.427

-.737 -,340

.402

45.51

132.41

37.20

37.38

176.32

19.55

95.86

34.c6

10.72

9.42

9.30

25.01

22.21

15.32

51

51

,g,o

50

47

47

51

Regression Analysi.
OlkrikOlk r ik

IQ
X.'2

-.214 -.703 .150

Oorrected
Reading Speed

X3 2.970 ..469 -1.393 R2 1.234567 'm .789
Uncorrected
Reaglini; S!;,eed

x4 -3.131 ..475 1.487
R 1.234567 = .888

a 1.234561 - 16,763
Total Posttest X,

2
-'.387 -.788 .305

Total Errors 1 X
6

-374 .779 .291

Work Pate i? -.206 .255 -053

B-11



Table 23 -B

MULTIP/2z. RE GREW= ANALYSIS

Criterion Vriable: Relativity Posttest
Predictor Ve.riataes: Corrected Readit.i, sPeed, gr----1"Irreeted Reading Speetil

Mal Dott-slot, 1. Errors, and Relativity Pretest

(Based on Self - Paced, Grouped Ss: Grade 12)
0,111.001111MIL

Intercorrelatitets
rrected Vacorrlated

Post best Reading Reading Total Total Prates
Relativity Speed Speed Poett...st Errors Relativity

1 x2 X6
Posttest Relc.tivity

X1 .1179 .483 .802 -.808 .11].
Corrected
Reading Speed X2
Uncorrected.
Reading . >eed x3
Total Posttest 7 C4

Total Errors X
5

Pretest Relativity 16

.999 .335 -.427 -.185

.335 -.423

-.737 .005

-.103

Corrected.
Reading Speed.
Uncorrected
Reading Speed

Total Bisttest

Total Errors

1zetest Relativity
..ma.O.

Lemr,g2yon.Anal ate
Pm rill. ihkrut

-2.387 .479 -2.143

2.568 .483 1.ti-lo

.143 .802 .35

- lio5 -.808 .327

,107 cm -012
...i11111r1MIMENNI7111=7OMIN .111M=p1=MarIVIL.11, 1111MWMINKNOINICT

Table 24-B

!Immo RBMS8IONANAISOIS
ne..ti.;tv

Predictor Variables: 1Q4 Total Errors, end. Work Bate
(Based on Self-Paced, Grouped Ss: Grade 12)

=911=1.4101 111,INIIMMsrml /C

Retantion Relativity

IQ

Total Errors `1.3

Work Rate
114

OYOOMMMMVIMMOM.V.K,,MMOLWON

YR

Total Errors

Work Rate

Mesa

11.10.1MOINAMMIJNIIMANIISIIM11/

S.D. N

77,14 19.( 51

37.20 9.42 5o

37.3E4 9.30 50

176.32 25.01 47

19=55 22.11 47

9,74 7,26 50

R2 1.23456 re .791
B 5..23436 ig .890
a 1,03456 . 9.230

x2

Intereorr -,lations

Retention
Relativity

a, Marlow.

Total Work
14 Errors Rate

.X....?; _a_. 74,3, mean-
.529

RzEasiatxsalysia
Olk Elk

10111111.

-.354 -.13,5

-.685 -.534

.384

oiir,

.40 .529
,

.214

-.NO -.554 .205

.243 -.115 ...028

B-3.2

60.78

112.41

18.02

95,86

S.D. N

20.64 51

10.72 51

21.96 51

15.32 51
M.MOMMOMM

R2 1.2314 1 .392

R -1.231 .626
a 1.2314 16.768

AMORIMIIMIIMIEIIINOMMIV7,421/fAMMEMENOMM=1.27111.41.~11.11.1=110144 011=11111101



CODE FOR rDENTIFYING VARIABLES
IN COREBIATIONAL MATRICES APPEARING

IN TABLES 25-B AND 26-B

1. IQ

2. Corrected Reading Speed

3. Uncorrected Reading Speed

4. Pretest Score on first preliminary program

5. Pretest Score on second preliminary program

6. Sum of (4) and (5):- Total Pretest

7. Posttest Score on first preliminary program

8. Posttest Score on second preliminary program

9. Sum of (7) and (8) : Total Posttest

10. Number of E:crors committed on first preliminary program

11. Number of Errors committed on second preliminary program

12. Sum of (10) and (14: Total Errors

13. Time to complete first preliminary program

14. Time to complete second preliminary program

15. Sum of (13) and (14): Work Rate

16. Pretest Score on experimental program

17. Posttest Score on experimental program

18. Number of Errors committed on experimental program

19. Time to complete experimental program

20. Retention Test Score on experimental program

B-13
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